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SUMMARY 

Bark surface pattern and slash in Dipterocarpaceae were interpreted in 

terms of structure and seven main Bark Types described (Whitmore 1962a, 

b) which are general categories consisting of a number of Bark Manifesta¬ 

tions that differ slightly in structure, hence in surface pattern and slash, 

from the general Type. The Bark Manifestations are practical categories 

distinct in the forest and are described and keyed here. A key is given to the 

Bark Types. 

The kinds of variation in bark are described and their relative import¬ 

ance ascertained from detailed study of a few species. The main survey is 

based on 103 species in 7 genera (appendix 1). Their bark is described 

genus by genus, and the bark present throughout life shown diagrammetic- 

ally (appendix 2 justifies the inductions on which the diagrams are based). 

The use of bark for formal taxonomy and forest recognition is reviewed. 

Bark provides valuable taxonomic information: Symington’s taxonomic 

groups are in main confirmed, and in some cases extended, particularly to 

include Bornean species. Comment is made on a number of outstanding 

taxonomic problems of individual species and a few new problems indicated. 

There is no evidence of adaptive bark differences between species of Rain 

forest proper and drier forests. 

Twenty-one species and many species groups can be recognised in the 

forest; some previously confused Scaly barks are distinguished; little is 

added to previous distinctions within Dipterocarpaceae. It is suggested that 

the use of bark for forest recognition could be very considerably extended 

in families less well known to foresters. 

9 

* For parts I and II see The New Phytologist, 1962. 

t Present address: Department of Botany, The University, Southampton, 
England. 
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THE BARK MANIFESTATIONS 

General 

I have described (Whitmore 1962a) how the surface pattern and 
slash appearance (oblique tangential section) of tree bark may be 
interpreted in terms of internal structure divided for convenience 
into four interacting bark components. 103 species in seven genera 
of Malayan and Bornean Dipterocarpaceae have been studied 
(listed in appendix 1); from these seven main Bark Types have 
been described (Whitmore 1962a) and interpreted (Whitmore 
1962b) in terms of the relative rates of formation of xylem (wood) 
and phloem (bark) at the vascular cambium. These Bark Types 
are general categories and consist of a number of Bark Manifesta¬ 
tions which have minor differences in the components from the 
general Type and hence differ slightly in surface pattern and slash. 
The Types are named after surface appearance {Smooth, Fig. 9a, 
Dippled, Fig. 9c, d, Shallow Fissured, Fig. 10a, Deep Fissured, 
Fig. I Ob, and Scaly, Fig. 9b) or slash (Surface Rotten, Fig. 10c 
and Laminate, Fig. lOd). In this paper the Bark Manifestations 
and their taxonomic occurrence will  be described. 

Non floral characters are of established importance in the forest 
identification of trees in the tropics and bark surface and slash 
characters are important amongst others. Indeed in a family like 
Dipterocarpaceae which seldom flowers floral characters are only 
of secondary importance. Bark characters are at present used 
empirically. It is possible that their use for forest recognition can 
be extended now that the description of bark is rationalised and 
that bark can be used in studying the taxonomy of the family 
which is at present imperfectly understood. 

The Bark Manifestations are practical categories. Deciding whe¬ 

ther one bark is sufficiently different from another to be described 

as a separate Manifestation is partly subjective and the criterion 

adopted is that the bark must be distinct in the forest from surface 

or slash characters (a hand lens may be needed). 

The Manifestations just like the Bark Types can be defined by 

describing the bark components and the results of their inter¬ 

actions. Manifestations differ from each other in one or more of 

the three grossly varying components, periderms, expansion tissue 

and phloem proliferation tissue. Periderms play the most im¬ 

portant part in determining the surface appearance (Fig. 1 in 

Whitmore 1962a) and Manifestations usually differ in this com¬ 

ponent, for instance Manifestations of Shallow Fissured bark. In 

some barks however, for instance Manifestations of Surface Rotten 

and Laminate barks, the nature and amount of phloem prolifera¬ 
tion tissue also exercises a very important effect on surface appear¬ 

ance. The fourth bark component, the secondary phloem, does 

not vary. 
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Variation is continuous and within some Manifestations there 
are bole barks, observed on a single species or a few trees, which 
differ in a few features. These I have described as Variants of 
the Manifestations, they are not always easily recognisable in the 
forest. Some forest-distinctive barks have also been described as 
Variants not Manifestations because they were suspected to be 
atypical or because the material examined was poor. 

A few Manifestations (Smooth—e, Smooth—f and Shallow Fis¬ 
sured—c, q.v.) have characters intermediate between two Bark 
Types. I have placed these with the Bark Type they most nearly 
resemble in bole appearance from a distance. 

Some barks do not fit  the main Bark Types but have bark com¬ 
ponents of unusual structure, hence they differ in surface pattern 
and slash. These may be abnormal or may be additional Bark 
Types not well represented in this incomplete survey of the Dip- 
terocarpaceae. They are mentioned with the notes on the species 
bearing them as they are of potential importance in understanding 
the bark of the whole family, and reference is made to the full  
diagnosis and discussion of status given in Whitmore (1960). 

Names of Manifestations 

The Manifestations are distinguished by a letter suffixed to the 
Bark Type, thus Smooth—a, Scaly—g. 

Scheme for description of Manifestations 

The visual impression of the bark from a distance is similar for 
all trees of a Manifestation but there are differences in some of 
the details of surface and slash. The diagnoses reflect this vari¬ 
ability, some features are very precisely defined because they are 
invariable, others more loosely. 

The Bark Type descriptions (Table 1, Whitmore 1962a) are 
indefinite because they cover the range of the Manifestations. In 
the Manifestation diagnoses the features of the Type are not re¬ 
peated. The two descriptions together give a complete account of 
any bark. In this paper the Key to the Bark Types gives the main 
diagnostic features of each. 

The description of each Manifestation follows the plan: 

Diagnosis, with the most important features for identification 
in italics, under the subheadings: 

Periderm(s), Inner Bark Structure (tangential expan¬ 
sion and phloem proliferation tissues), Outer Bark Struc¬ 
ture (note that the rhytidome layers are usually developing 
and sloughing all the time so the number present varies), 
Sloughing and Surface (configurations, texture and 
colour), 

Variants, species by species. 
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Occurrence, bole or crown and species group. 

Photographs of the bole from a distance and close to and photo¬ 
graphs or diagrams of a transverse surface are given to the Mani¬ 
festations and Variants in Whitmore (I960), here Figs. 9 and 10 
a selection of Manifestations of every Type. 

Keys 

There is a key to the Manifestations of every Bark Type making 
use of the salient features, a guide to the diagnoses but not sup¬ 
planting them. The keys assist comprehension of the differences 
between the Manifestations and make possible the identification of 
the bark of any of the species examined or any others with one of 
these Manifestations. 

The terms used in the diagnoses of the Manifestations and in 
the keys to the Bark Types and Manifestations are defined in 
Whitmore (1960 and 1962a). 

KINDS OF VARIATION  IN BARK 

The basic structures and processes, the same in all trees of a 
species with bark at the same stage of development, must be dis¬ 
tinguished from variable features and there may be developmental 
changes. Different features of the bark may vary at different taxo¬ 
nomic levels. The relative importance of these kinds of variation 
was ascertained early in this survey from frequently collected 
Shorea, Red Meranti group species, and from Shorea albida 
(Meranti Pa’ang), Dipterocarpus costulatus, D. crinitus and D. 
verrucosus. It is to some extent possible to distinguish inherited 
and environmental variations, the former are of potential use for 
forest recognition and taxonomy. 

The variation expounded 

1. The morphogenesis of bark throughout life was compared 
on the stems of seedlings, saplings, poles and trees and crown 
members of increasing girth. The Bark Type sequence is the same 
but in the crown the changes take place at smaller girths. The 
difference in phasing can be understood by postulating that the 
development of a Bark Type depends on the age of a member not 
its girth; poles grow at a more or less steady rate whereas there 
is little increase in girth in the crown members of mature trees. 

There is considerable variation between trees in the girths at 
which the bark changes, this may be inherited or environmental. 
Species differ in their Bark Type sequence and girths of change. 

There are often considerable variations in details of the bark 
between parts of an individual at the same stage, particularly be¬ 
tween bole and crown (see 5 below) but also between lower and 
upper bole. These I ascribe to the difference in environment 
between the lower levels and canopy level of rain forest. 
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2. Inherited geographical variation. This would be expected to 
be most conspicuous in polymorphic species, and individuals from 
widely separated localities for instance Malaya and Borneo, per¬ 
haps as a sign of incipient speciation; however it proved to be un¬ 
common. The only species of many examined in both Malaya and 
Borneo which shows it is Hopea beccariana and of Shorea lepro- 
sula, S. macroptera, S. parvifolia, S. pauciflora and Dipterocarpus 
costulatus examined all over Malaya only S. parvifolia shows 
geographical variation. The only geographical variation due to dif¬ 
ferences in the environment noticed was the tendency for trees to 
mature smaller and to become gnarled on ridges or in shallow or 
sandy, infertile soil. 

3. Variations between individuals due to the cyclical develop¬ 
ment and sloughing of rhytidome layers is common with Scaly 
barks and may have inherited or environmental causes, in many 
cases I have not examined sufficient material to say which. 

4. Slight differences in environment might produce variations 
in bark from tree to tree. Such variations are minimised in this 
survey by using trees from within the more or less uniform environ¬ 
ment of Rain forest. There may be small inherited variations 
which will  not be distinguishable. 

Within a locality in the Rain forest minor differences occur in 
bark surface pattern, ridge width, fissure size, details of surface 
texture and sculpturings, in scale shape and size and the number 
of rhytidome layers present together. These limit the detail which 
can be usefully recorded in forest descriptions. Bark structure also 
shows variations, in periderm pattern and outer bark structure 
(particularly the degree of rotting), perhaps dependent mainly on 
micro-climate, in expansion tissue, dependent on the xylem/ 
phloem relative growth rate, and in phloem proliferation tissue, still 
unexplained. Similar variations to these have been found between 
trees from different localities. 

5. Some exposed trees have been examined to discover the 
potential variability of bark between open and Rain forest habi¬ 
tats but it would be difficult  to study barks from such trees alone.1 

(i) The variations found in the open are that the outer bark 
tends to be thicker with more rhytidome layers present 
together. The thicker layer of dead tissues is subject to 
stronger Assuring forces and desiccation is greater than 
in the forest; thus barks become fissured or more 
strongly fissured. 

(ii) Environmental fluctuations are greater and the surface 
tends to become rugose and grey in colour. 

(iii)  Bark Types tend to develop at smaller girths than in the 
forest. 

l- Hence difficult to study bark in England where most specimens of 
many broad leaved species grow in hedgerows and park land. 
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Similar differences were found between bark in the crown and 

on the bole where there are additional differences due to the extra 

strains set up by the bent shape and the exposure to wind of the 

crown members. 

THE PROCEDURE FOR EXAMINATION  

The species were investigated in the laboratory in the groups 
suggested by Symington (1943) which is the most natural subdivi¬ 
sion of the family available, and natural subgroups were investi¬ 
gated together. 

Within each group the procedure adopted after some trial was 
first to determine from the collected samples, the descriptions and 
any photographs the Bark Types present on the boles of the sam¬ 
pled trees than to work out the Bark Type sequence with the help 
of the published generalised descriptions (Foxworthy 1927, 1932, 
Symington 1943, Wood 1957). 

Tables showing Bark Type sequence through life, species by 
species, are reproduced here, they also show at a glance the num¬ 
ber of individuals sampled and their girths. Details of their con¬ 
struction are given in appendix 2. In some species paucity of 
material, particularly of small individuals, renders the Table 
incomplete. 

The second step in the analysis was carefully to examine the 
samples of each Bark Type species by species and to record the 
structure on a table by the presence or absence of separate fea¬ 
tures. This led to the concepts of bark structure described in 
Whitmore (1962a). The diagnoses of the Manifestations and their 
Variants were made from these analysis tables; several of them 
are reproduced in Whitmore (1960) to show the magnitude of 
variation within and between Manifestations and Bark Types. 

Once the extent of variation between trees had been established 
(see above) generalisations were made about the bark present at a 
particular girth from the examination of only a few individuals. 
The extent to which the data can be extrapolated to cover the 
whole girth range is investigated in appendix 2. 

For each species group a short note is given on the present 
Taxonomic status, then follows the Argument with my findings 
on Bark Type sequence, the Bark Manifestations and any un¬ 
usual features of bark structure, and finally the Conclusions which 
can be drawn on the taxonomy of the group, its subdivisions and 
particular critical species, and how the group can be distinguished 
in the forest from others with which it has previously been 
confused. 

The Manifestations which are unique are noted and by referring 

to the diagnoses of these Manifestations the reader can discover 

the bark features whereby the trees can be recognised in the forest. 
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KEY TO BARK TYPES 

A Expansion tissue uniform, continuous at surface in wedges 
and or fingers confluent externally into a pseudocortex, 

B Some periderms forming scollop shaped rhytidomes 
2-3 mm. thick of varying extent greater than 2-3 
cm.; sloughing as scollops or large fractions thereof; 
surface dippled, scroll marked 

DIPPLED BARK Fig. 9c, d 

(Shorea Meranti Damar Hitam, Vatica). 

BB Periderms single or 2-3 very near surface and almost 
touching; sloughing apparently absent; surface entire 

SMOOTH BARK Fig. 9a 

(young members of all groups; mature 
members A nisoptera, Dipterocarpus, 
Hopea Smooth and Mata Kuching, 
Shorea). 

AA Expansion tissue localised in wedges or in clusters of fin¬ 
gers, tangential extent at inner bark surface usually 30% 
(rarely continuous, pseudocortex present); periderms not 
parallel to cambium for more than 1-3 cm. on TS; rhy- 
tidome of several thin layers completely and irregularly 
superimposed; surface closely, more or less regularly, V 
section fissured 

SHALLOW FISSURED BARK Fig. 10a 

(Shorea Red Meranti, Meranti Damar 
Hitam, Meranti Pa’ang). 

AAA Expansion tissue disperse, tangential extent at inner bark 

surface about 10%, 

C Periderms regular, always continuous, completely 
separating living tissues from dead; rhytidome 
layers extensive, sheet-like, outer bark clearly 
demarcated, 

D Periderms frequently penetrated by fibres; 
2-10 rhytidome layers present together, 
outer bark coherent, very dark; surface 
coarsely, closely fissured; sloughing as 
small, adherent, chunky scales 

DEEP FISSURED BARK Fig. 1 Ob 

(Hopea Fissued Barked). 

DD Periderms not penetrated by fibres; 1-2 (3) 
rhytidome layers present together; outer 
bark otherwise; surface not coarsely fissur¬ 
ed, fissures scattered or close; sloughing 
usually as large, loose or adherent, layer- 

thick scales 
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SCALY BARK Fig. 9b 

(Balanocarpus, Dipterocarpus, 

Dryobalanops, Hopea Scaly 
Barked, Shorea Red Meranti,, 
Balau and Meranti Damar 
Hitam). 

CC Periderms irregular, not always continuous or 
completely separating living tissues from dead; 
no regular rhytidome layers, outer bark appear¬ 
ance of progressive rotting from surface inwards, 

E Compound laminae throughout bark; 
periderms pale coloured; inner edge of 
outer bark more or less parallel to 
cambium 

LAMINATE  BARK Fig. lOd 

(A nisoptera). 

EE Compound laminae absent, simple lami¬ 
nae sometimes present; periderms dark 
coloured; inner edge of outer bark fol¬ 
lowing surface configurations, not 
parallel to cambium 

SURFACE ROTTEN BARK 
Fig. 10c 

(»Shorea Meranti Pa’ang). 

MANIFESTATIONS OF SMOOTH BARK 

Key to the Manifestations of Smooth bark 

A Compound laminae present in inner bark; stone cell clusters filling  
pseudocortex; . g, A nisoptera. 

AA Not as above, 

B Expansion tissue in well defined wedges below regular superficial 
fissures. 3 mm. wide X 2 mm. deep, 2 cm. apart. 

C Periderm thick (2 mm.), reticulate, occupying all but a 
narrow band of the pseudocortex 

e, Shorea, Meranti Pa’ang. 

CC Periderm not as above.f , Shorea, Meranti Pa’ang. 

BB Expansion tissue in abundant fingers, surface not as above, 
D Surface with finely striate, net-like pattern due to rup¬ 

turing of outer periderms; periderms paper thin; 
h, all groups. 

DD Surface not as above; periderms not paper thin, 
E Surface quite smooth, without fine sculpturings, 

F Restricted to twigs (and probably seedlings and 
saplings too); surface purple brown; not 
sloughing . a, all groups. 

FF Mature boles; not purple brown; sometimes 
sloughing 

G Phloem proliferation tissue parenchyma 
only 

j, most Smooth and Mata Kuching 
Hopeas. 
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GG Phloem proliferation tissue parenchyma 
and conspicuous stone cells 

some c, Shorea, Red Meranti. 

EE Surface finely sculptured, 
H Mature periderms radially striate, 

hard, brittle, thick (c.0.4 mm.), can 
be chipped away; surface some¬ 
times finely grid-cracked 

d, Shorea, Meranti Damar 
Hit am. 

HH Mature periderms not as above, can¬ 
not be chipped away; surface never 
grid-cracked, 

I Surface rugulose or rugose due to 
fine sculpturings 

some c. Shorea, 
Red Meranti. 

II Surface fine sculpturings not as 
above, 

J Surface fine sculpturings in 
form of fine, close, vertical 
lines less than 1 mm. deep 
and wide.k, Vatica. 

JJ Surface fine sculpturings in 
form of short, superficial 
fissures to 1-2 mm. deep 
and wide, 

K Phloem proliferation tissue 
usually of varying 
amounts in different 
tangential zones of fibr¬ 
ous part of bark, some¬ 
times white with silica 
deposited, 

h, Dipterocarpus. 

KK Phloem proliferation tissue 
uniform, never siliceous, 

Ho pea vesquei (j). 

MANIFESTATION Smooth—a 

Diagnosis: Periderm: single superficial. Inner bark structure: mature bark 
structure not yet developed; an earlier stage present. Sloughing: apparently 
nil. Surface: quite smooth; purple brown. 

Occurrence: Restricted to twigs up to 8 cm. girth, probably also on seed¬ 
lings and saplings though bark of these was not examined. Probably present 
in all species groups; its apparent absence from some may be because no 
small twigs were examined or because there had been no recent growth 
flush and the twig bark had changed on ageing. 

Discussion: Further examination may show that this is the bark present 
before periderm has developed when the epidermis forms the surface. The 
stages in the development of mature bark structure are described in Whit¬ 
more (1960 Chapter 8b). 

MANIFESTATION Smooth—b 

Diagnosis: Periderms: several, close, paper thin. Inner bark structure: 
crown structure immature; bole as Type (expansion tissue of tangentially 
elongate stone cells and or parenchyma; phloem proliferation tissue usually 
extensive, large circular stone cells and parenchyma). Sloughing: as Type. 
Surface: finely sculptured—outer periderms rupturing and forming an open 
net pattern on the surface. 

329 



Gardens Bulletin, S. 

Variants: 

1. Shorea waltoni (Red Meranti): Inner bark: phloem proliferation 
tissue: circular stone cells aligned in inconspicuous tangential sheets—c.f. 
Smooth—c also a few conspicuous sheets of radially elongate stone cells. 

2. Shorea, Meranti, Damar Hitam species: Periderm: thick on bole, to 
0.3 mm.—c.f. Scaly—d. 

Occurrence: Crowns and some young boles, perhaps all groups; seen in 
Anisoptera; Balanocarpus; Dipterocarpus and Shorea all groups. 

MANIFESTATION Smooth—c 

Diagnosis: Periderms: 1-2 present together. Inner bark structure: as Type 
(expansion tissue of tangentially elongate stone cells and parenchyma; 
phloem proliferation tissue usually widespread of parenchyma and large 
circular stone cells). Outer bark structure: thin rhytidome layers to 1-2 
mm. thick. Sloughing: as Type. Surface: either finely sculptured rugose, 
rugulose, or not sculptured, smooth with small lenticels. 

Variant: 

1. Shorea mecistopteryx (Red Meranti): Inner bark: phloem prolifera¬ 
tion tissue in the fibrous part as tangential sheets of radially elongate stone 
cells, interrupted outwards by the broad expansion tissue fingers where these 
merge with the pseudocortex, hence not forming long continuous sheets not 
dominating appearance of cut transverse surface. 

Occurrence: Restricted to boles; Shorea, Red Meranti. 

MANIFESTATION Smooth—d 

Diagnosis: Periderms: usually only one; phellem thick (to 0.4 mm.), 
radially striate, soft and pale when first formed but soon becoming brittle 
and dark; phelloderm absent, or thin (but occasionally to 0.2 mm.); phel¬ 
lem may be chipped away, sometimes to reveal the bright phelloderm— 
the ‘scrape’. Inner bark structure: as Type (expansion tissue mainly of 
parenchyma or small stone cells, phloem proliferation tissue absent or local¬ 
ised). Outer bark structure: mainly thin; periderm single, superficial; in 
places, especially crown, a thin rhytidome (0.5 mm.) where parts of a 
former periderm persist. Sloughing: as Type. Surface: periderm becoming 
finely sculptured:—rugulose, rugose, finely grid-cracked (5 mm. X 3-4 
mm.), or longitudinally striate (in crown). Lenticels along lines of peri¬ 
derm rupture, periderm tissue powdery here. 

Occurrence: Bole and crown; Shorea, Meranti Damar Hitam. 

MANIFESTATION Smooth—e 

Diagnosis: Periderm: superficial, firm, dark sheet with inwards a zone, 
2 mm. thick, of convoluted, anastomosing, dark, hard ‘phellem’ tissue in¬ 
terspersed with paler bands of ‘phelloderm,’ together making up a hard 
dark reticulated layer. Inner bark structure: Pseudocortex only a few mm. 
thick, the inner part of the very thick periderm probably formed from and 
in pseudocortical tissue. Expansion tissue in well defined wedges, no 
fingers. Phloem proliferation tissue: small, scattered, tangential laminae, 
mentioned in all the published generalised descriptions but absent or only 
slightly developed in the samples examined (then simple laminae, sheets of 
stone cells); other phloem proliferation tissue restricted to outermost 
phloem blocks. Outer bark structure: see periderm. Sloughing: apparently 
absent. Surface: dark coloured, with regular, superficial fissures (3 mm. 
wide X 2 mm. deep) above the wedges but not penetrating into inner bark; 
ridges 2 cm. wide with small, scattered lenticels, otherwise smooth and 
firm. 

Occurrence: Bole, Shorea ochracea, and perhaps other species of Meranti 
Pa’ang. 

Discussion: The distinction of ‘phellem’ and ‘phelloderm’ is not certain as 
no phellogens have been made out. This Manifestation is described from a 
single tree. It is conceivable that the thick reticulated periderm, its main 
distinctive feature, is a pathological condition, although the tree appeared 
quite healthy, and that further research will  show Smooth—e and —f to 
be identical. 
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MANIFESTATION Smooth— f 

Diagnosis: Periderms: 1-2 present together. Inner bark structure: same 
as Smooth—e with wider pseudocortex. Outer bark structure: thin rhyti- 
dome layers, to 1-2 mm. Sloughing: apparently absent. Surface same as 
Smooth—e. 

Occurrence: Bole and crown; Shorea bracteolata, S. symingtoniana and 
perhaps other species of Meranti Pa’ang. 

Discussion: This Manifestation differs from Smooth—e, the other smooth 
bark of the Merantis Pa’ang’s in the periderms and the outer bark which 
resemble Smooth—c. 

MANIFESTATION Smooth—g 

Diagnosis: Periderm: single, superficial, 0.20 mm. thick, pale in colour. 
Inner bark structure: tangential laminae of compound structure, throughout, 
varying in stage of development from one phloem block thick and tangen¬ 
tially short to thicker and more or less continuous; laminae interrupted by 
fingers and by pseudocortex where this penetrates inwards; pseudocortex 
more or less filled with stone cell clusters, not laminate; expansion tissue 
in broad fingers developing from pairs of rays. Sloughing: apparently 
absent. Surface: superficial fissures 4-10 mm. wide X 2 mm. deep, wholly 
periderm bounded, not in any way disrupting the overall smooth bole 
appearance; pale, at periderm. 

Occurrence: Crowns and boles; Anisoptera. 

Discussion: Periderm same as Smooth—c except for the pale colour. 
Laminae not developed in inner bark at 1 ft. girth on bole (A. scaphula), 
developing at 3 ft. (A. laevis). 

MANIFESTATION Smooth—h (Fig. 9a) 

Diagnosis: Periderms: usually 2, sometimes 1 only; strongly small-undu¬ 
late on TS and LS. Phellem hard, sclerified, pale coloured; phelloderm 
thick (to 0.5 mm.). Inner bark structure: as Type (expansion tissue: 
parenchyma; phloem proliferation tissue: extensive, small stone cells not 
in clusters greater than one matrix block, usually of variable amount in 
different tangential zones of the bark, increasing outwards); silica some¬ 
times deposited in matrix. Sloughing: as Type. Surface: finely sculptured: 
rough with short (to 5 cm.) close (few mm.) superficial fissures (1-2 mm. 
wide and deep) developing in the thickness of the outer bark. 

Occurrence: Boles of immature individuals and probably mature tree 
crowns of Dipterocarpus. 

Discussion: Inner bark: expansion tissue and phloem proliferation tissue 
are the same as Scaly—e. 

MANIFESTATION Smooth—j 

Diagnosis: Periderms: as Smooth—c. Inner bark structure: as Type (ex¬ 
pansion tissues as Smooth—c; phloem proliferation tissue: parenchyma 
only). Outer bark structure: as Smooth—c. Sloughing: as Type. Surface: 
smooth, entire, no fine sculpturings. 

Variant: 

1. Hopea vesquei: Surface: finely sculptured—close regular superficial 
fissures. 

Occurrence: Boles, Hopea. Smooth and Mata Kuching. 

MANIFESTATION Smooth—k 

Diagnosis: Periderms: as Smooth—c. Inner bark structure: as Type (ex¬ 
pansion tissue as Smooth—c; phloem proliferation tissue: parenchyma only) 
silica often deposited. Outer bark structure: as Smooth—c. Sloughing: as 
Type. Surface: finely sculptured: close, fine, vertical lines less than I mm., 

deep and wide. 

Occurrence: Boles, Vatica. 
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MANIFESTATION OF DIPPLED BARK 

MANIFESTATION—a (Fig. 9c; 9d shows the much more strongly dip- 
pled bark of Agathis alba) 

Diagnosis: Periderms: pattern: as Type; structure: 0.2 mm. thick. Inner 
bark structure: as Type. Outer bark structure: thin, or with 2 mm. thick 
scollops, 2-6 cm. in diameter, varying between trees. Sloughing: as Type. 
Surface: as Type. 

Variants: 

1. Shorea: Inner bark: phloem proliferation tissue absent. 
2. Vatica: Inner bark: phloem proliferation tissue widespread, of paren¬ 

chyma, white and silicified. 

Occurrence: Boles; Vatica and Shorea Meranti Damar Hitam (5. fague- 
tiana and S. multi flora) where it is probably intermediate between Smooth 
and Scaly bark. 

MANIFESTATIONS OF SHALLOW FISSURED BARK 

Key to the Manifestations of Shallow Fissured bark 

A Expansion tissue localised in well defined wedges below fissures which 
penetrate into inner bark (though usually lined by periderm(s)), 
B Pseudocortex present in outer inner bark or outer bark; 

outer bark essentially a superficial skin of close, anastomosing 
or almost touching periderms; 1-3 mm. thick; sloughing ap¬ 
parently absent from boles; bole appears smooth-fissured 

a, Shorea Red Meranti (bole & crown) and 
Meranti Damar Hitam (crown only). 

BB Pseudocortex absent; outer bark not a superficial skin; 3-11 mm. 
thick; sloughing always present; bole appears coarsely fissured 

b, Shorea, Red Meranti 
e, Shorea talura, Meranti Pa'ang. 

AA Expansion tissue not as above; fissures not penetrating into inner bark, 
C Surface coarsely fissured; ridges rugose; outer bark to 17 mm. 

thick, of up to 12 rhytidome layers; pseudocortex absent; 
expansion tissue in clustered fingers 

d, Shorea gibbosa, Meranti Damar Hitam. 

CC Surface shallow fissured; ridges smooth; outer bark 1-3 mm. 
thick, never more than 3-4 rhytidome layers; thin pseu¬ 
docortex present; expansion tissue in uniformly distributed 
fingers . c, Shorea macroptera, Red Meranti. 

MANIFESTATION Shallow Fissured—a 

Diagnosis: Periderms: multiple structure, thickness variable (0.03 mm.- 
0.20 mm.), phellems black and usually leathery, phelloderm either ap¬ 
parently absent, or 0.25 mm. thick. Several, close (0.5-1.0 mm. apart, 
rarely more); pattern as Type. Inner bark structure: pseudocortex present; 
expansion at first by fingers and wedges then by wedges only; phloem pro¬ 
liferation tissue: as Type. Outer bark structure: essentially a superficial 
skin, 3 mm. thick or less, usually dipping in at, and bounding the fissures. 
Sloughing: on boles apparently absent; in crowns absent or as layer-thick, 
brittle, thin, scales, adherent before sloughing. Surface: as Type; fissures 
penetrating inner bark; ridges smooth, sometimes microlichen flecked; 
surface firm, dark coloured, at a periderm; bole smooth-fissured, becoming 
coarsely fissured on old trees. 

Variants: 

1. Shorea parvifolia (Red Meranti): Periderms: phelloderm absent or 
inconspicuous. Inner bark: no phloem proliferation tissue in fibrous part. 
There are two phases: 

(a) Trees to about 6 ft. girth. 
Bole appearance: smooth, shallow fissured, blotched with mic¬ 

rolichen flecks. Fissures wide-V section, shallow (5-7 mm. wide 
X 2 mm. deep), regular; ridges: flat, firm, with slightly raised 
edges. 
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(b) Trees above about 6 ft. girth. 
Bole appearance: variably, coarsely fissured. Fissures wider 

and deeper, less regular than before (to 10 mm. wide by 5 mm. 
deep); the ridges lose their continuous vertical and smooth ap¬ 
pearance and sometimes fissure further, the surface becomes 
rugose but remains quite firm. 

A conspicuous feature of this species is what Symington (1943) called 
‘small warty portions of the bark’. These are often present, mainly on young 
trees to about 6 ft. girth, damar often drips from them. They are formed 
by the bole swelling over a zone (average size 30 cm. broad X 15 cm. 
high but sometimes tangentially greater) and bursting the normal outer 
bark which remains as a rough fringe to the swelling which becomes 
surfaced by fresh periderms. 

2. Shorea leprosula (Red Meranti): Periderms: distinct red brown phel- 
loderms present. Inner bark: phloem proliferation tissue in scattered tan¬ 
gential sheets; a few dammar channels present in phloem rays stretching 
from xylem to surface. Outer bark: periderms develop beneath fissures 
first and spread outwards beneath ridges, hence there are more periderms at 
fissure sides than under ridge centres; periderms, ruptured by subsequent 
fissure increases and only 1-2 innermost are continuous beneath fissures; 
periderms furthest apart and hence rhytidome layers thickest at fissure 
edges, becoming closer towards ridge centres. Subsequent enlargement of 
expansion tissue wedges below fissures forces fissure edge tissue outwards 
so that ridges become slightly concave in section. There are two phases: 

(a) Trees to about 5 ft. girth. 
Bole appearance: smooth-fissured; fissures 5 mm. wide X 3 mm. 

deep, ridges 2-3 cm. wide with small lenticels and raised marks 
continuous across several ridges. 

(b) Trees above about 5 ft. girth. 
Bole appearance: coarsely fissured, surface rough. Fissures be¬ 

come compound, getting progressively wider, to as much as 20 
mm.; smooth ridges progressively wider separated. Tissue inter¬ 
polated at fissures sometimes form a mass of cork tissue which 
comes to fill  the fissures except for a narrow central groove and 
may protrude above the general level so emphasising the con¬ 
cavity of the ridees. 

Occurrence: Crowns, Shorea Red Meranti and Meranti Damar Hitam 
(S. gibbosa); boles, Shorea Red Meranti, S. parvifolia and S. leprosula. 

Discussion: Sloughing: outer bark almost free of fibres, no strong connec¬ 
tions between rhytidome layers although periderms of multiple structure, 
thus sloughing easy, down to a periderm and outer bark fairly thin. 

MANIFESTATION Shallow Fissured—b 

Diagnosis: Periderms: multiple structure, thickness variable (0.03 mm- 
0.40 mm.), phellems black and usually leathery, phelloderms absent or in 
conspicuous isolated lenses, 0.4 (1.0) mm. thick, and also sometimes in 
strips along fissure edges. Pattern: as Type. Inner bark structure: as Type 
(expansion tissue in wedges, tangential extent 30 (25-30) %). Outer bark 
structure: 3 or more rhytidome layers usually present together, thickness 
variable, outer bark 3 mm. or more, rarely as much as 11 mm., thick. 
Sloughing: ridge-wide, chunky or layer-thick elongate scales, adherent be¬ 
fore sloughing. Surface: as Type, ridges concave in section when phello- 
derm strips have formed; fissures penetrating inner bark; ridge surfaces 
firm or not, powdery. Bole appearance coarsely fissured. 

Variant: Shorea rubella (Red Meranti): Periderms: much larger scollops 
of tissue enclosed, 4 cm. wide X 5-7 mm. thick; brown not black coloured. 
Outer bark: very thick, 10-14 mm. Surface: fissures coarser than above. 

Occurrence: Restricted to boles; Shorea, Red Meranti. 

Discussion: Sloughing: the scales are chunky, and adherent before slough¬ 
ing because there are no definite localised planes of sloughing at or near 
the multiple structure, fibre-penetrated periderms. 
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MANIFESTATION Shallow Fissured—c (Fig. 10a) 

Diagnosis: Periderms: single sheets; several, undulate, anastomosing, vari¬ 
ously separated. Inner bark structure: narrow band of pseudocortex; ex¬ 
pansion tissue in uniformly distributed fingers—uniseriate files of tan¬ 
gentially elongate stone cells; phloem proliferation tissue extensive, small 
circular stone cells formed in most phloem blocks. Outer bark structure: 
1-3 mm. thick, only partially penetrated by fissures. Sloughing: small 
chunky or layer-thick, thin, scales; sloughing sometimes apparently absent. 
Surface: regular, superficial fissures with slightly raised edges disrupting the 
overall smooth appearance of bole; ridges smooth, surface firm, powdery 
or not. 

Occurrence: Boles only, Shorea macroptera (Red Meranti). 

Discussion: Periderm separation variable hence outer bark from ‘surface 
skin’ of —a to thicker, like —b. Surface pattern is similar to S. parvifolia, 
—a. 

MANIFESTATION Shallow Fissured-—d 

Diagnosis: Periderms: thick (0.4 mm.), dark brown, single sheets; 
anastomosing on TS; undulate but not anastomosing on LS. Inner bark 
structure: expansion tissue in fingers localised in clusters, of tangentially 
elongate stone cells only, tangential extent about 40%; phloem prolifera¬ 
tion tissue localised, of parenchyma. Outer bark structure: many (to 12) 
rhytidome layers; to 17 mm. thick; formed of unevenly overlapping scollop- 
section strips of thickness varying from 1.5-4.0 mm. Sloughing: elongate, 
chunky scales. Surface: fissures not penetrating inner bark; ridges rugose, 
with loose powdery surfaces; bole appears coarsely fissured. 

Occurrence: Boles only, Shorea gibbosa (Meranti Damar Hitam). 

Discussion: Outer bark coherent and long persistent, no definite sloughing 
planes develop hence scales are chunky, contrast with Scaly —d (same 
species group) which has sloughing planes within the phellems. 

MANIFESTATION Shallow Fissured—e 

Diagnosis: The only sample available was too badly damaged to ascertain 
characters of the outer bark: the inner bark structure is of this Bark Type. 
There is a full discussion in Whitmore (1960, pp. 304-6). Periderms: pre¬ 
sent, more or less continuous. Inner bark structure: as Type (expansion 
tissue in wedges of 30% tangential extent; phloem proliferation tissue 
absent). Outer bark structure:—. Sloughing:—. Surface: as Type; bole 
coarsely boat-shape fissured. 

Occurrence: Boles, Shorea talura (Meranti Pa’ang); crown not examined. 

MANIFESTATION OF DEEP FISSURED BARK 

MANIFESTATION—a (Fig. 10b) 

Diagnosis: See Table 1 (Whitmore 1962b) and key to the Bark Types 
p. 327 above. 

Variant: 

1. Shorea beccariana (Malayan trees 180 & 197): Periderms: closely 
anastomosing on LS and TS. Outer bark structure: rhytidome layers 
narrow imbricating. This is so similar to the Bornean tree seen (488) and 
to the other species in all respects except the closely anastomosing peri¬ 
derms (the anastomoses do not coincide with the fissure edges) that, on 
the evidence available, it is included in the same Manifestation; further 
material is needed to decide whether the periderm difference is consistent 
and if there are other differences, hence whether this really is the same 
Manifestation. 

Occurrence: Fissured Barked Hopeas. 
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MANIFESTATIONS OF SCALY BARK 

Key to the Manifestations of Scaly bark 

A Phellem 2 zoned, inner dark blackish brown and outer biscuit coloured 
layers; surface at periderm, pale when new becoming very dark by 
erosion.g, Dryobalanops. 

AA Phellem 1 zoned, dark or pale; surface at periderm or not, 

B Expansion tissue in radially short fingers, more numerous out¬ 
wards, 

C Phloem proliferation tissue entirely parenchymatous; radial- 
oblique fingers sometimes present; phelloderm pale, cons¬ 
picuous and relatively thick (0.3 mm.) 

c. Shorea, Balau. 

CC Phloem proliferation tissue with conspicuous, pale stone 
cells; radial oblique fingers absent; phelloderm inconspi¬ 
cuous, thin, or absent, 

D Surface grid-cracked . b, Shorea, Red Meranti. 

DD Surface often with more or less regularly distributed 
close fissures but no cross cracks 

a, Shorea, Red Meranti. 

BB Expansion tissue, if present, in fingers stretching from near 
cambium to surface and becoming wider outwards, 

E Phloem proliferation tissue always extensive 
usually of varying amounts in different tangential 
zones sometimes distorting secondary phloem 
structure, sometimes white, silicified; surface with 
powdery bloom . e, Dipterocarpus. 

EE Phloem proliferation tissue absent or extensive, 
constant in amount throughout thickness of bark, 
never distorting secondary phloem structure; sur¬ 
face shiny without powdery bloom, 

F Phellem 0.4 mm. thick; 0, 1, or, rarely, 2 rhy- 
tidome layers present together 

d, Shorea, Meranti Damar Hitam. 

FF Phellem 0.1-0.2 mm. thick; 1-2 rhytidome 
layers present together, rarely 0 

f, Scaly Hope a, Balanocarpus. 

MANIFESTATION Scaly—a 

Diagnosis: Periderms: several; on TS sometimes anastomosing about 
every 5-7 cm.; on LS anastomoses greater than 15 cm. apart; usually simple 
structure, rarely multiple; phelloderm absent or present, continuous and 
inconspicuous or in isolated, conspicuous lenses. Inner bark structure: ex¬ 
pansion tissue in radially short fingers, more abundant outwards, tangential 
extent about 5% only; phloem proliferation tissue extensive, a few cons¬ 
picuous simple laminae usually present, of small radially elongate stone 
cells, more or less uniform in amount throughout bark, not distorting 
secondary phloem. Outer bark structure: up to 3, occasionally more, thick 
(2-3 mm.), sheet-like rhytidome layers present together. Sloughing: as 
several layers of thick, more or less elongate, layer-thick or chunky scales. 
Surface: firm, powdery; usually with more or less regularly distributed and 
close square section fissures; ridges variously rough; bole more or less re¬ 
gularly fissured. 

Variants: 

1. Shorea kunstleri: Periderms multiple sheets in structure. 
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2. Shorea andulauensis: Periderms: structure: phellems locally undu¬ 
late, single at scollop bottoms, multiple at their sides. Inner bark structure: 
expansion tissue apparently absent; phloem proliferation tissue localised 
into tangential sheets of small, circular stone cells. Outer bark structure: 
rhytidome layers scollop shaped, to 17 cm. long X 5 cm. wide X 2-4 mm. 
thick in middle; overlapping unevenly on TS and LS, but more or less 
forming continuous sheets; tissues becoming loosely powdery on ageing. 
Sloughing: rhytidome layers sloughing entire as scollop shaped scales, or 
Assuring and shedding in pieces. Surface: fissures narrow, localised in 
zones. 

Discussion: The surface appearance is within the range of Scaly—a the 
differences in inner bark structure can only be made out with difficulty in 
the forest so this is considered to be a Variant not a different Manifestation. 

3. Shorea singkawang, S. leptoclados and butts and overmature boles 
of other Red Meranti species: Periderms: one superficial, in places with 
another scolloping one. Outer bark structure: heterogeneous, thin areas, 
and areas with one rhytidome layer. Surface: heterogeneous, smooth with 
scattered scales or with zones of irregularly fissured, elongate-scaly bark. 

4. Shorea leptoclados: Outer bark tissues becoming pale, cream colour¬ 
ed, free from tannins. Sloughing: papery flakes, free or in bundles. Surface: 
dull purple, either at periderm; or not, cream (note similarity with Variant 
2 of Scaly—c). 

5. Shorea pauciflora (563): Sloughing: as Variant 4. 

Occurrence: Bole and crown; Shorea Red Meranti; crown S. alhida 
(Meranti Pa’ang). 

MANIFESTATION Scaly—b 

Diagnosis: Periderms: several, scolloping regularly on TS and LS; phel- 
loderm apparently absent. Inner bark structure: expansion tissue as Scaly—a; 
phloem proliferation tissue: widespread, of circular stone cells conspicuous 
like sand grains on cut TS; sometimes in tangential sheets. Outer bark 
structure: 2-3 scollop shaped rhytidome layers, average size 3 cm. wide X 
9 cm. long. Sloughing: of all rhytidome layers, variously as ridge-wide, 
layer-thick or slightly chunky, more or less square scales. Surface: rough, 
powdery; grid-cracked, cracks 2—3 cm. apart. 

Occurrence: Boles: Shorea acuminata and S. quadrinervis (Red Meranti). 

MANIFESTATION Scaly—c 

Diagnosis: Periderms: pattern variable, TS and LS either distantly or not 
scolloping, or, rarely, closely scolloping and forming small (c 4 cm.) 
scollop shaped rhytidome layers. Structure: periderm thickness variable 
(mean 0.40 mm. (0.01-1.20 mm.)); phellem dark brown or black, phel- 
loderm continuous, pale, conspicuous and relatively thick (mean 0.3 mm. 
(0.00-0.80 mm.)) sometimes of layers of alternating orange and cream 
tissues. Inner bark structure: expansion tissue: tangential extent 8 (0-18) 
%, in fingers of tangentially elongate stone cells becoming more abundant 
outwards and often clustered; radially oblique stone cell fingers often pre¬ 
sent; extensive parenchymatous phloem proliferation tissue, sometimes 
becoming more abundant outwards. Outer bark structure: rhytidome 
layers sheets, or elongate strips, or rarely scollop shaped; 0,1,2 or occa¬ 
sionally more present together; thickness varying from 1.5-7.0 mm.; tis¬ 
sues usually same colour as inner bark, rarely becoming pale. Sloughing: 
scales layer-thick, usually large, either cracking or Assuring before slough¬ 
ing, or not—hence either elongate or isodiametric. Surface: usually near 
periderm, surface dull, powdery, with hue of dead phloem tissues, or 
sometimes at or weathering down to a periderm, then very dark in colour; 
fissures absent, or present and as variable as the Type (sometimes mere 
cracks); sometimes surface scroll marked. 

Variants: Some of the Variants differ considerably from the Manifesta¬ 
tion but were only seen on one or a few trees; if they prove typical of 
their species their status need reconsidering. 
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1. Shorea geniculata (one tree, perhaps a typical), S. lumutensis, S. 
laevifolia and S. laevis (sometimes): Outer bark: of 2-4 rhytidome layers. 
Sloughing: scales usually elongate, adherent. Surface: more or less regu¬ 
larly fissured, fissures of irregular section, penetrating several rhytidome 
layers; hence bole impression ‘fissured*. 

Discussion: The essential feature of this Variant is the thick outer bark; 
this depends on the structure of the periderms. The property of the peri¬ 
derms which hinders sloughing of the first two species is not known. The 
latter two have on all the trees examined thin (0.04 mm.) phelloderm or 
none and fibres penetrating the mature periderms, which arc not continuous 
but in 4 cm. lengths; hence the rhytidome layers persist for some time, not 
sloughing until the fibres have rotted through. 

2. S. guiso, S. ochrophloia: Outer bark tissue becoming pale, cream or 
fawn coloured and loose, soft and powdery. Sloughing: not quite down to 
the periderm; hence bole with a characteristic yellow-grey tinge. 

Discussion: The essential feature of this Variant is the physiological 
change which takes place in the rhytidome after periderm formation. Note 
the similarity with Variant 4 of Scaly—a. 

3. S. foxworthyi: A similar change to the above, but caused by weather¬ 
ing and only affecting the thin film of phloem tissue outside the outermost 
periderm. 

4. S. inappencliculata: Periderms: scolloping on TS and LS, cleanly rup¬ 
turing fibres. Outer bark: rhytidome layers 4-7 mm. thick X 3-4 cm. 
wide X 7-12 cm. or more long. Sloughing: elongate, adherent, layer-thick 
scales, whole scollops or large fractions of scollops. Hence: surface scroll 
marked, fresh surfaces powdery, later eroding down to periderm, so colour 
darkening. The two trees seen were both similar, with these unique features; 
they were exposed at a tracksidc and are possibly atypical. 

5. S. sp. now 269: Periderms with blackish phellem and cream 
phelloderm; hence scrape strikingly coloured. Surface not powdery, very 
dark coloured. 

Occurrence: Boles, Shorea, Balau. 

Discussion: This is a broadly phrased diagnosis which encompasses the 
variable mature bark of the 17 species of the Balau group of Shorea ex¬ 
amined. The variations are mainly in periderm pattern and structure and 
these cause variations in outer bark structure (thickness and shape of rhy¬ 
tidome layers), sloughing pattern (scale size, shape and persistence) and 
surface (Assuring). 

MANIFESTATION Scaly—d 

Diagnosis: Periderms: seldom more than 2 present together, distantly 
scolloping (33 cm.) on TS and LS; thick (to 0.4 mm.) mostly phellem, 
phelloderm thin or apparently absent; becoming dark coloured, hard and 
brittle on maturing. Inner bark structure: tissues yellowish becoming green 
towards cambium; expansion tissue either apparently absent or in abundant 
fingers, tangential extent 15 (4-30)%, each becoming wider outwards, of 
parenchyma or small stone cells in which are sometimes set short radial 
files of tangentially elongate stone cells; phloem proliferation tissue absent, 
localised or widespread, of parenchyma or circular stone cells only. Some¬ 
times with damar channels exuding liquid damar when cut. Outer bark 
structure: usually heterogeneous; partly with / (rarely 2) sheet like rhyti¬ 
dome layer(s), 3-4 mm. thick, partly with none, outer bark thin and super¬ 
ficially fissured; sometimes mainly thin. Sloughing: elongate, ridge-wide, 
layer-thick scales; sloughing plane within periderm, scales loose hanging 
before sloughing. Surface: at periderm, dark coloured, not powdery, some¬ 
times turning grey, usually heterogeneous, rhytidome a single layer or ab¬ 
sent; narrow square section fissures (less than 5 mm. wide X 5 mm. deep), 
or cracks, irregularly distributed: marks of scollops remaining as scroll 
marks (frequency variable) after sloughing: these fissured areas interpersed 
with smooth areas, often finely lenticellate, which become larger on old 
trees, to dominate appearance: sometimes with black or yellowish pendent, 
fine damar stalactites. Visual impression: dark, heterogeneous, smooth and 
scaly. 
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Variants: 
1. Shorea bala nocarpoides (355): Inner bark: expansion tissue occupy¬ 

ing 60% of surface, in abundant, wide fingers. 
2. Shorea hopcifolia (306), S. multiflora (171): Inner bark: expansion 

tissue apparently absent; phloem proliferation tissue extensive. Outer 
bark: rhytidome layers 6-7 mm. thick. These are overmature trees (res¬ 
pective girths 12 ft. and 15 ft.). The cut surface of the inner bark is simi¬ 
lar to Scaly—a in appearance. 

Occurrence: Boles, Shorea, Meranti Damar Hitam. 
Discussion: Periderms: few fibres connect the inner and outer bark through 

these thick periderms hence the rhytidome layers tend to hang loose before 
sloughing. The sloughing plane is within but very near the outside of the 
phellem. 

Damar is often extruded through the inner bark and through cracks in 
the innermost periderm and may spread out over the outer surface of this 
periderm and so perhaps hasten the separation and sloughing of the rhyti¬ 
dome layer. Thus the surface may have a thin damar coating and this con¬ 
tributes to the dark, dull bole colour. In some species the damar is ex- 
extruded as far as the outer surface of the bark where it hardens in con¬ 
tact with the air and forms conspicuous drips, diagnostic of their species 
(see Symington, 1943). 

MANIFESTATION Scaly—e (Fig. 9b) 
Diagnosis: Periderms: 1 superficial periderm, in places with another 

deeper 1 or rarely 2; not anastomosing or distantly, and forming very 
large (50 cm. across) or, rarely, smaller (15 cm.) scollops; periderms pale; 
average thickness 0.6 mm.; phellem usually hard and sclerified, continuous 
phelloderm usually present, and fawn so not conspicuous or clearly de¬ 
marcated. Inner bark structure: expansion tissue variable in amount, appa¬ 
rently absent or in fingers of parenchyma, rarely with a few files of tangen¬ 
tially elongate stone cells too, usually widening outwards; occupying tan¬ 
gential extent 10 (0-30) %; some rays becoming wider than others; rarely 
pseudocortex present; phloem proliferation tissue extensive, of small stone 
cells amount usually variable in different tangential zones of the bark; 
sometimes, especially in outer parts, distorting radial arrangement of 
secondary phloem; silica sometimes deposited. Outer bark structure: hetero¬ 
geneous; thin areas and others with 1 (rarely 2) rhytidome layer(s). 
Sloughing: scattered layer-thick scales, usually large and more or less iso- 
diametric, loose hanging or adherent before sloughing. Surface: firm, pow¬ 
dery; fissures usually absent, except in species with several continuous rhy¬ 
tidome layers; usually with close set round lenticels: occasionally a few 
scroll marks; surface sometimes gently undulate with depressions and bul¬ 
ges; visual impression: heterogeneous, smooth with variously scattered 
scales. 

Variants: 
1. Dipterocarpus appendiculatus: Outer bark: several rhytidome layers 

present together all over bole. Sloughing: of small loose hanging, elongate 
scales all over bole. Surface: tendency to fissure over whole bole so visual 
impression scaly-fissured. 

2. D. costulatus, D. rotund ifolius: intermediate between the ‘typical*  
species and D. appendiculatus. 

On the available data the differences between D. appendiculatus and the 
other species are not sufficiently clear cut to consider the bark as a different 
Manifestation. Examination of other fissured and scaly-fissured species (for 
instance D. chartaceous, D. ohtusifolius, D. rigidus, and D. tuberculatus— 
the last three from Burma) might necessitate such a step. 

3. D. crinitus: Periderm: 1.0 mm. thick with a very thick (0.8 mm.), 
pale, easily visible phelloderm. 

4. D. sublamellatus: Periderm: thin, 0.2 mm. 
5. D. cornutus, D. verrucosus: Inner bark: phloem proliferation tissue 

so distorting secondary phloem that a pseudocortex is formed in some 
trees. 

6. D. verrucosus: Periderm: thin, 0.1 mm.; rhytidome layers thin, only 
2 mm.; surface tinged reddish. 

Occurrence: Boles; Dipterocarpus. 
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Discussion: Inner bark; expansion tissue and phloem proliferation tissue 
are the same as Smooth—h; further the expansion tissue is, like Scaly—d, 
very variable in amount between individuals and species. Amount of phloem 
proliferation variable between different trees and different species. Some¬ 
times tangentially adjacent, proliferated phloem blocks become aligned 
into sheets just visible as fine lamellae to the unaided eye, these are much 
finer than the ‘simple laminae’ of Scaly—a and —b. Tissues just below the 
superficial periderm tinged green in a few samples presumably due to the 
presence of chlorophyll. The differences between species in appearance is 
largely due to differences in details of the periderm pattern and structure, 
hence in the sloughing pattern (scale size, thickness, closeness, and whether 
loose hanging or adherent), but there is considerable variation and over¬ 
lap between species. Surface: the size and closeness of the lenticels varies 
between species. 

MANIFESTATION Scaly—f 
Diagnosis: Periderms: distantly scolloping, c.5 cm. on TS, greater than 

17 cm. on LS; structure: 0.1-0.2 mm. thick, phellem hard, black, phel- 
loderm absent or thin (0.04-0.02 mm.). Inner bark structure: expansion 
tissue apparently absent or in fingers widening outwards or not, tangential 
extent 10 (0—19) % also sometimes a few rays with short radial lengths 
of tangentially elongate stone cells, increasing in number outwards; 
phloem proliferation absent or present and extensive, parenchymatous. 
Outer bark structure: rhytidome layers, broad sheets or elongate strips, 
1 or 2 present together, or rarely none; outer bark tissues mid brown. 
Sloughing: close or scattered, elongate or isodiametric, loose hanging or 
adherent scales. Surface: dark coloured, commonly blackish brown, at a 
periderm so not powdery, fissures present, as variable as the Type (q.v.); 
scales not fissures dominating appearance. 

Variants: The considerable variability between the species of Hopea 
examined is discussed with the notes on the genus. 

1. H. helferi: Surface powdery, not at a periderm. 
2. Balanocarpus heimii: Inner bark structure: expansion tissue absent 

except sometimes for a few clustered, short, parenchymatous fingers, more 
abundant outwards; phloem proliferation tissue absent or present and more 
abundant outwards. Outer bark structure: rhytidome layers elongate strips. 
Sloughing: close, elongate, loose (rarely adherent) scales. Surface: close, 
irregular section fissures. 

Occurrence: Boles; Scaly Barked Hopea; Balanocarpus. 

MANIFESTATION Scaly—g 
Diagnosis: Periderms, pattern: TS and LS; either sheet like not scollop¬ 

ing or, occasionally, distantly (7 cm.) scolloping; structure: continuous not 
penetrated by fibres at all or phellem (first formed) penetrated then phel- 
loderm (later formed) rupturing fibres; thin (0.2 mm. (0.04-0.5 mm.)), 
phellem two zoned with inner impervious dark blackish brown and outer 
biscuit coloured layers; phelloderm absent or thin (0.02 (0.0.4) mm.), 
inconspicuous, merging with phloem. Inner bark structure: expansion tissue 
in fingers, tangential extent 9 (4-13) %, usually parenchyma, fingers either 
becoming more numerous or widening outwards, sometimes a few connate; 
widespread, scanty phloem proliferation tissue, forming small stone cells 
and, or, parenchyma, and varying numbers of extensive, tangential sheets 
of radially elongate stone cells, 0.2-0.4 mm. thick and visible as fine 
lamellations to unaided eye. Outer bark structure: bole heterogeneous; 
cither several, extensive, sheetlike (rarely scollop-form) rhytidome layers, 
or 1, or 0, forming irregularly, never in zones, up bole; rhytidome layers 
commonly continuous with inner bark at top end, otherwise completely 
free. Sloughing: in one or more layers, irregularly over bole; scales elon¬ 
gate, commonly large (60 cm. X 10 cm.), curling up at their edges on 
desiccating and loose hanging except at top ends, or smaller, or adherent; 
sloughing plane within phellem, pustular lenticels often developing and 
assisting rupture. Surface: fissures present or absent, square or irregular 
section, irregularly scattered, small pustular lenticels often present, bright 
reddish purple when new, hence fresh surfaces with purplish tinge; at a 
periderm, always pale when new sometimes becoming very dark brown 
or black by erosion of part of phellem. 
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Variant: 

1. Dryobalanops rappa: Periderms: like Scaly—c in structure. 

Occurrence: Boles; Dryobalanops. 

Discussion: The plane in which the periderm forms, and the pustular 
lenticels actively assisting sloughing are unique to this bark. Scales are 
able to curl up as the tissues dry out because no fibres connect one rhyti- 
dome layer with another. 

MANIFESTATIONS OF SURFACE ROTTEN BARK 

Key to the Manifestations of Surface Rotten bark 

A Laminae present in inner bark, usually long and occupying most of 
bark, sometimes short and scattered; periderms almost continuous 
though irregularly undulate. 

B Fissures and cracks sparse or absent; outer bark with thick and 
thin areas; laminae always throughout whole inner bark .... c. 

BB Fissures present, though of irregular distribution and size; outer 
bark thick everywhere; laminae as above or small and scat¬ 
tered . b. 

AA Laminae absent; periderms absent or localised as narrow, elongate, 
tangential strips at ridge sides .a, Shorea albidcu 

MANIFESTATION Surface Rotten—a (Fig. 10c) 

Diagnosis: Periderms: absent, or localised as scattered, elongate, tangen¬ 
tial strips penetrating into ridges from fissure sides. Inner bark structure: 
expansion tissue apparently absent; phloem proliferation tissue, extensive 
stone cells and parenchyma, but tangential laminae absent. Outer bark 
structure: very variable in thickness, sometimes absent, to 9 mm. thick, 
following surface contours; dark coloured, variously rotten tissue; not deli¬ 
mited inwards by periderm. Sloughing: either as elongate scales of vari¬ 
ous thicknesses and size, just bundles of fibres, seldom cut off by a peri¬ 
derm or, where outer bark soft and the fibres rotten, as more or less 
isodiametric small, chunky scales. Surface: surfaces black and firm where 
periderm bounded, elsewhere soft and powdery, fissures regularly distri¬ 
buted, in shape just irregular furrows in the phloem to 10 mm. deep X 5 
(10) mm. wide X 20-30 cm. long, sides rough with torn fibre bundles; 
ridges anastomosing; appearance fibrous-fissured. 

Occurrence: Boles, Shorea albida only. 

Discussion: The absence or only localised development of periderms 
means that surface configurations are more or less completely controlled 
by the inner bark structure, hence the obviously fibrous nature of the 
ridges and scales. The absence of laminae is in marked contrast with 
Manifestations—b and —c. 

MANIFESTATION Surface Rotten—b 

Diagnosis: Periderms: usually continuous, sometimes with scattered gaps, 
pattern variable, together may form a closely anastomosing reticulum 
throughout the outer bark; thickness variable, often strongly undulate. 
Inner bark structure: phloem proliferation tissue: simple laminae present, 
either scattered and short, or, more often, occupying most of the bark 
and greater than 20 cm. in extent on TS and LS; interlaminar phloem 
blocks often with parenchyma proliferation tissue, expansion tissue either 
in fingers interrupting the laminae or apparently absent and the laminae 
continuous sheets. Outer bark structure: no well defined rhytidome layers; 
usually with continuous periderm at boundary with inner bark, this boun¬ 
dary irregular and not parallel to cambium. Sloughing: elongate, layer- 
thick or chunky scales. Surface: surface firm and black and at a periderm 
or not, and powdery; appearance often dominated by scales not fissures; 
fissures irregular furrows of variable section and penetration; irregular dis¬ 
tribution; variable between individuals. 

Occurrence: Boles; Shorea, Meranti Pa’ang, most species. 

340 



Vol. XIX. (1962). 

Discussion: The anastomosing, reticulate periderm pattern is very similar 
to Smooth—e (also Meranti Pa'ang); it differs in the thinner and more 
widely separated periderms. Inner bark: identical with Surface Rotten—c 
where strongly laminate. Surface: the ridges do not have the roughly fibr¬ 
ous structure of Surface Rotten—a. 

Shorea bracteolata, the only species with this Manifestation collected 
several times, had some trees with scattered and other with extensive lami¬ 
nae. The amount of lamination did not vary much between dilferent parts 
of a tree, nor did it seem to be correlated with girth. This evidence sug¬ 
gests that the amount of lamination is variable between individuals of a 
species. 

MANIFESTATION Surface Rotten—c 
Diagnosis: Periderms: continuous, extensive, every one lying along the 

side of a stone cell sheet. Inner bark structure: expansion tissue appa¬ 
rently absent or as scattered fingers. Phloem proliferation tissue: strongly 
developed simple laminae more or less filling  inner bark, between them the 
phloem blocks sometimes with parenchyma proliferation tissue. Outer bark 
structure: heterogeneous; thin, or thick with sheet like rhytidome layer(s); 
inner edge more or less parallel to cambium. Sloughing: isodiametric, 
usually layer-thick scales. Surface: surface dark, firm at a periderm; loose 
scales in one or occasionally two layers, close or scattered over bole sur¬ 
face; cracks and fissures sparse or absent. 

Occurrence: Shorea, Meranti Pa’ang, on butts, and lower boles some¬ 
times extending over whole boles. 

Discussion: This Manifestation is dominated by the inner bark structure; 
the strongly developed laminae determine the arrangement of the periderms, 
hence the structure of the outer bark and the sloughing pattern, as well as 
the surface configurations. This Manifestation may perhaps be either an 
overmature stage or a reaction of the tree to peculiar environmental 
conditions. 

MANIFESTATIONS OF LAMINATE  BARK 

Key to the Manifestations of Laminate bark 

A Surface closely (1-3 cm.) fissured, ridges rough, with large, powdery, 
brownish-yellow areas; sloughing of small scales; laminae coarse 
(about 0.45 mm. thick) .a. section Pilosae. 

A A Surface with widely spaced (5-8 cm.) fissures, or smooth with scat¬ 
tered fissures, ridges more or less flat, mostly firm, yellowish-cream 
in colour; sloughing of mid-sized, flat scales; laminae fine (about 
0.25 mm. thick) . b, section Glabrae. 

The evidence on which these Manifestations are distinguished is 
fully discussed in Whitmore (1960, p. 205). 

MANIFESTATION Laminate—a (Fig. lOd) 
Diagnosis: Periderms: usually continuous; one more or less delimiting 

inner edge of outer bark, remains of another one eroding away nearer sur¬ 
face. Inner bark structure: as Type; laminae coarse, about 0.45 mm. thick, 
about five fibre blocks included. Outer bark structure: as Type. Sloughing: 
small, chunky or layer-thick scales, 1-3 (5) cm. wide. Surface: fissures 
close, ridges, 1-3 (5) cm. wide, surfaces usually very rough; either at a 
periderm and firm, yellowish-cream or not and powdery, brownish-yellow. 

Occurrence: Anisoptera, Pilosae section (? all). 

MANIFESTATION Laminate—b 
Diagnosis: Periderms: continuous; one superficial, with or without an¬ 

other deeper one too. Inner bark structure: as Type; laminae fine, about 
0.25 mm. thick, about 4 fibre blocks included. Outer bark structure: locally 
thin, thick areas as Type. Sloughing: flat, ridge-wide (5-8 cm.) scales, 
usually layer-thick, less often chunky; some areas not sloughing. Sur¬ 
face: wide spaced fissures; ridges 5-8 cm. wide usually more or less 
flat; surface may become smooth with scattered fissures and scales; usually 
at a periderm, firm, yellowish-cream. 

Occurrence: Anisoptera, Glabrae section. 
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ANISOPTERA 

Taxonomy 

Anisoptera Korth is a comparatively small clearly defined genus 
of about 14 distinct species although the specific limits are some¬ 
times unclear (A. oblonga). Two sections of the genus are recog¬ 
nised with very distinct floral characters (Heim 1822, Symington 
1943, Wyatt-Smith 1955), section Glabrae, A. laevis and A. sea- 
phula, and section Pilosae, with all the other known species. 

Argument 

The Bark Type sequence is shown on Fig. 1. All  the species are 
characterised by Laminate bark on mature trees and have the 
diagnostic appearance of the Type. There is no evidence that 
Laminate bark is succeeded by another Type, the Manifestation 
may change. 

Conclusions 

This examination confirms the findings of previous botanists 
that Anisoptera is a homogeneous group of species, Laminate bark 
is not found elsewhere. Fig. 1 shows a clear difference between 
the two generic sections. A. laevis and A. scaphula differ from the 
other species in: 

1. The very large size reached (Wood, 1957 (under Shorea 
superbd) records that the largest known dipterocarp is 
an Anisoptera probably A. laevis), 

2. Manifestation Laminate—b, not Laminate—a, is develop¬ 
ed on trees between 6 ft. and 11 ft. girth. Even if  
Laminate—b changes later to —a the two sections 
differ in the girth range where they both occur. 

This clear cut difference has not previously been recognised, 
neither Symington (1943) nor Wyatt-Smith (1955) distinguish be¬ 
tween species on bark characters; it coincides with the accepted 
taxonomic division and should be easy to see in the forest (see 
key to Manifestations); in particular the two commonest Malayan 
species A. curtisii and A. laevis can be distinguished on bark 
characters alone. 

BALANOCARPUS 

Taxonomy 

Balanocarpus Bedd. had become a repository for dipterocarps 
with wingless fruits, long recognised unsatisfactory, before Syming¬ 
ton (1933, 1938) removed most of the species to more natural 
systematic positions in Shorea and Hopea. The only Malayan 
species left is B. heimii King with no close relatives and as similar 
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to the Euhopea and Pierrea groups of Hopea as to Balanocarpus 
Bedd. Desch (1941) includes B. heimii with Hopea in his account 
of dipterocarp timbers and a recent analysis of the anthocyanins 
of the leaves (Bate-Smith and Whitmore 1959) shows the two 
genera to be similar m these biochemical characters. 

Argument 

The Bark Type sequence is shown on Fig. 1. The sapling has 
the common Manifestation Smooth—b. Scaly bark has developed 
by 3 ft. girth and is very similar to Scaly Hopea bark, it is con¬ 
sidered a Variant of the same Manifestation, Scaly—f. 

The inner bark structure is unique with fibre blocks of different 
sectional size in different tangential sheets, so that the cut trans¬ 
verse surface sometimes appears streaked. Faint radial striations 
are visible on radial longitudinal surfaces and ripple marks on 
tangential longitudinal ones, a feature otherwise seen only in 
Hopea ferrea. 

Conclusions 

The mature bark is the same Manifestation as the field group 

Scaly Barked Hopea with fine structural differences, it can be 

confused in the forest; it is distinct from Shorea Balau with which 

it has sometimes been confused. Scaly Barked Hopeas have vari¬ 

able bark and from the material available I have been unable to 

decide whether this is taxonomically significant. Without further 

investigation I cannot equate B. heimii to one or several of these 

species but they are no doubt, as Symington remarked, closely re¬ 

lated. Most, of the Scaly Barked Hopeas are Euhopea and 1 con¬ 

clude therefore that the true relationship of B. heimii is here 

rather than with Pierrea (the Smooth Barked field group). 

DIPTEROCARPUS 

Taxonomy 

Dipterocarpus Gaertn. f. is a well defined homogeneous genus 

of about 80 species. There are five artificial sections differing in 

fruit characters, these do not have the same significance as the 

natural subgroups of Shorea, all the species have much in common. 

Argument 

Forest observations of 25 species show that the 11 described 

here cover the range of the genus. The Bark Type sequence is 

shown on Fig. 2. Manifestation Smooth—b is a widely occurring 

bark, it is probably intermediate here to Smooth—h, unique, and 

to Scaly—e, also unique. 
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Conclusions 

Previous findings are confirmed, all the species of Dipterocarpus 
in Malaya have similar bark, the same Manifestations with some 
minor Variants, in the same sequence. The slash of mature tree 
bark. Scaly—e, is distinctive in the forest due to various unique 
features of the inner bark structure. The surface pattern though 
can be confused with Scaly—a, Variant 3. A number of species 
are distinguished as Variants. From its bark Dipterocarpus is a 
natural homogeneous genus which cannot be divided. I am unable 
to draw any sharp and constant distinction between the bark of 
the closely related species D. fagineus and D. pseudojagineus. 

DRYOBALANOPS 

Taxonomy 

Dryobalanops Gaertn. f. is a homogeneous well defined genus 

of nine known species. 

Argument 

The Bark Type sequence, Fig. 2, shows that an unique Mani¬ 
festation Scaly—g is present on mature trees of the four species 
examined and the published descriptions show it on three more. 
One tree (D. rappa, girth 15 ft.) had a bark with different peri¬ 
derm pattern hence surface appearance; it is thought to be ab¬ 

normal and overmature (diagnosis, Whitmore 1960, pp. 373-4). 

Conclusions 

Dryobalanops has an unique Manifestation on mature trees, 
individual trees differ from each other particularly in details of 
the sloughing pattern as is common in Scaly barks, and this varia¬ 
tion overlaps any differences there may be between species. The 
genus can be distinguished in the forest on bark characters from 
Dipterocarpus, Shorea Balau, and the Scaly Barked Hopeas which 
it resembles (Symington 1943). Previous conclusions are confirm¬ 
ed, on bark characters Dryobalanops is a natural homogeneous 

group of species. 

HOPEA 

Taxonomy 

Hopea Roxb. (about 100 species) is, like Shorea, a heterogene¬ 
ous genus and there is considerable variation between species in 
forest, herbarium and wood anatomical characters. The last com¬ 
plete revision was by Brandis (1895), now manifestly inadequate; 
Symington (1934, 1939) made what revisions he could but was 
hampered by the poor knowledge of the Bornean flora; his tenta¬ 
tive subdivisions were not of equal status and some species can¬ 
not be referred to any of them. These subdivisions do not corre¬ 
late well with the timber or forest characters and so in 1943 he 

346 



Vol. XIX . (1962), 

Smooth M.K Fissured Scaly 
G

ir
th
 

in
 
fe

e
t 

g
ri
ff

 it
h

ii
 

n
e

rv
o

s
a 

la
ti
fo

li
a

 

v
e

s
q

u
e

i 

b
e

c
c
a

ri
a

n
a 

m
e

n
g

a
ra

w
a

n 

s
u

lc
a

ta
 

o 
c* i. 

* - h
e

lf
e

ri
 

n
u

ta
n

s 

o
d

o
ra

ta
 

s
a

n
g

a
l 

s
e

m
ic

u
n

e
a

ta 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Is! 
\ 

\ 
\ 

\n 
s' 

\ 

\ 
\ 

\ 

sN 

\' 
\ 

\ 

\ 
\ 
\' 

\ 
^ N 
\ 

\ 
\ 
\s 

s \ 
N ' 

N N 
N 

\ ' 
\N 

s\ 
\ 

\ 

\ 

sN 
\ 

\ 

s 
\ 

\ 
\ 

\ 
\ 
\ 

\ \ 

4" 

s' 

\ 
\N 

\ 

w) 

s 
\ 
N N 

\ 
\ 

\ \ 
s \ 

\ 

\ 
\ 

w 
\ N 
\ 

\ 
\ 
, \ 

\ 

i  

s \ 

X- 

 

/ _r 
M 

\ 

• k 

\ 
\ 

\ 
N. 

\ 

v 

\ 
\ /s' 

k y 

a 
• v 1 

- 
W 

\ 
\ 
\ \ > 

/ 
/ 
/ 

'/ 
/V 

\ 
\ \ 

s 

/'/ 
/ 

/' 
V 
// 
/ r 

— 
f- 

"2r 

"T”  
\ \ j 

/ 
V' 

// 
/ 

/ 
a 

— 
— f  — 

// 
/ 

'/ 

", 
/ 

— V 
• 

 / 
a 
JL 

— - 

7 
/ 

'/ 
/ 

— 

— 

> 

Fig. 3. Hopea, bark sequence through life. 

Construction explained in appendix 2; key on Fig. 1. M.K. 
Mata Kuching group. 

347 



Gardens Bulletin, S. 

proposed ‘tentative arbitrary field groups’ cutting across the 
generic subdivisions and using forest characters of buttress, stilt 
roots, bark and damar exudate. The groups are: 

1. Smooth Barked Hopeas 

2. Mata Kuching Hopeas (a segregate of 1 with damar in 
globular or stalactitic exudations) 

3. Fissured Barked Hopeas 

4. Scaly Barked Hopeas. 

Argument 

The study of the bark of natural groups of species in Diptero- 
carpaceae shows that, with the exception of Shorea Meranti 
Pa’ang, all or most of the species of the groups have many bark 
characters in common. Hence the bark survey of Hopea is of 
particular interest. If  it is possible to show the species of Syming¬ 
ton’s field groups have similar bark this will  suggest that they are 
the natural groups and the information will  assist in the pending 
revision of the genus and the description of new Bornean species 
(Wood for instance has described a new genus, Neohopea, in 
manuscript). Unfortunately I have not much material, in some 
cases only a single sample of a species, nevertheless if these sam¬ 
ples have a lot of bark characters in common the induction is 
clear; I cannot though propose any new groupings. 

The Bark Type sequence is shown on Fig. 3. I have no material 
showing the scaly bark reported (Symington, 1943) for large trees 
of the Smooth and Mata Kuching groups. 

All  the species have similar secondary phloem structure except 
in the Scaly Barked group where there are differences between 
species in the shape and size of fibre blocks in cross section and 
whether they have a surrounding crystal sheath or not. 

Conclusions 

The species with similar bark coincide exactly with Symington’s 
‘tentative arbitrary field groups’ and there are no bark features 
common to the whole genus. The conclusion is that these, rather 
than the existing taxonomic sections, are the natural subgroups of 
Hopea. 

1. The Smooth Barked and Mata Kuching Hopeas have 
together a unique Manifestation, j, of Smooth bark and are 
indistinguishable. The barks of two trees (girths 5 ft. and 6 
ft.) of undescribed species (sp. A (the code name at Kepong) 
and sp. 324 (not matched at Kepong, specimen deposited 
there)) and of the Bornean H. vesquei with Smooth bark were 
examined and undoubtedly belong to one or other of these 
groups; the two former species are not shown on Fig. 3. 
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2. Fissured Barked Hopeas all have the same Manifesta¬ 
tion, Deep Fissured—a. of a unique Bark Type. Further re¬ 
search might show that the Bornean tree of H. beccariana 
(488) is not the same species as the Malayan ones (180, 197). 

3. Scaly Barked Hopeas are on the evidence available one 
Manifestation, f, of Scaly bark but there are differences in 
surface pattern (Symington, 1943) suggesting there may be 
other Manifestations; this is the only species group in which 
differences in secondary phloem between species have been 
seen. Further data is needed to see whether this group is 
homogeneous and natural. 

SHOREA 

Shorea Roxb., the largest and economically most important 
genus of Dipterocarpaceae, has about 170 species. It is not a 
homogeneous genus but contains representatives of several more 
or less closely related groups some of which might be considered 
worthy of generic rank. The established taxonomic sections 
(Brandis, 1895) are patently unsatisfactory today. Symington 
(1943) using Malayan material divided Shorea into four natural 
subdivisions differing considerably from Brandis1 sections, but was 
not prepared to give them definite botanical names or status until 
the whole genus was revised taxonomically. This revision still has 
not been made. Desch (1936, 1941) independently established four 
groups based on timber characters which closely correspond to 
Symington’s subdivisions, but Bate-Smith and Whitmore (1959) 
found no significant differences between the groups in the antho- 
cyanin pigments of mature leaves. I have studied the bark of 
Symington’s natural subdivisions separately. 

Shorea, Balau group 

Taxonomy 

This group approximates to section Eushorea, Brandis (1895), 
but has never been satisfactorily defined botanically. Symington 
(1943), mainly on Malayan species, describes three botanical sub¬ 
groups indistinguishable in the forest and from wood anatomy. 

Argument 

The Bark Type sequence is shown on Fig. 4. An unique Scaly 
bark (Manifestation—c) develops from Smooth bark (Manifesta¬ 
tion—b) at small girth and persists. The bark of sp. nov. 555 is 
quite distinct, and of uncertain affinity.1 In the crown there is an 

1- Inner bark as Scaly but periderm pattern unique; surface appearance 
reminiscent of Tristania (Myrtaceae)—see Whitmore (1960, p. 32). A 
herbarium specimen of this tree, collected at Lungmanis, North Borneo, is 
at CGE. 
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Fig. 4. Shorea, Balau group, bark sequence through life. 

Construction explained in appendix 2; key on Fig. 1. 

* S. sp. nov. 555 G. 6 ft.: see text. 
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intermediate gridcracked stage between Smooth and Scaly which 
is unique and diagnostic. In S. laevifolia, S. laevis and 5. glauca 
the secondary phloem fibre blocks are of various sizes as seen on 
transverse section. Intercalary proliferation tissue from rays and 
phloem blocks has aligned many of them into slightly convex, 
short, imbricating, tangential plates with smaller blocks at the 
ends than centre, the included parts of the phloem rays are not 
widened. S. geniculata approaches this condition. The pellucid 
conducting phloem occupies about one-third of the inner bark, 
more than in any other group examined. 

Conclusions 

Sixteen Balau species examined have the unique Manifestation 

Scaly—c, one species seen once has a bark of uncertain affinity. 

Although there is the considerable and overlapping environmental 

variation between species and individuals which is common 

amongst Scaly barks a number are quite distinct Variants and 

more could probably be distinguished by further study. 

There are a number of constant differences between this Scaly 

bark and Scaly Hopea, Balanocarpus and Dryobalanops with 

which it has sometimes been confused in the forest. Some species 

and small groups of species are distinctive (Symington has already 

described the Malayan ones). 

The species examined are of the Barbata and Ciliata botanical 
subgroups, these are not clearly distinct on bark characters, there 

is overlapping variation. Thus three of the four Barbata species 

(S. glauca, S. laevifolia and S. laevis) have a unique arrangement 

of the fibre blocks but the Ciliata species S. geniculata approaches 

this condition; two Barbata species (5. laevifolia, S. laevis) and 

two Ciliata species (5. geniculata, S. lumutensis) have fissured, 

thick outer bark. S. maxwelliana (Barbata) has neither of these 

features. 

The bark of the new undescribed species (sp. nov. 555 and 

sp. nov. 5691) and S. inappendiculata (Borneo) does not have 

either of the Barbata features and hence they are probably in the 

Ciliata subgroup; the two undescribed species, if typical, have 

specific bark. 

Shorea, Meranti Pa’ang group 

Taxonomy 

A natural homogeneous group corresponding closely to section 

Anthoshorea Brandis, though Brandis enumerated here many spe¬ 

cies now known not to belong. 

1- Herbarium specimens at BO, CGE, L, SAN and SING. 
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Fig. 5. Shorea, Meranti Pa’ang group, bark sequence through life. 

Construction explained in appendix 2; key on Fig. 1. 
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Argument 

The survey initially presented difficulties not encountered in 

other groups as there is much greater variation between boles and 

between the parts of each bole, so that samples from the butts of 

standing trees are less often typical of the whole bole. The Bark 

Type sequence is shown on Fig. 5. Six species change from Smooth 

to Surface Rotten bark, unique to the group, before mature girth is 

reached and remain at this; the surface appearance of this Bark 

Type is highly variable. Three species retain Smooth bark through¬ 

out life; of these 1 examined S. symingtoniana and found the 

Manifestation unique (Smooth— f); S. bentongensis and S. deal- 

bata are shown on Fig. 6 on the basis of Symington’s (1943) des¬ 

cription. S. ochracea remains Smooth with a unique Manifestation 

(Smooth—e) until at least 8 ft.; the bark at larger girths remains 

undetermined. All  these Manifestations have features of the peri¬ 

derms and of the secondary phloem structure in common (see the 

diagnoses). S. talura has fissured bark, provisionally assigned to 

the Shallow Fissured Type as a unique Manifestation, e. 

Conclusions 

No bark features are common to all the species. Four of the 

eleven have different, unique Bark Manifestations on mature trees 

(5. albida Surface Rotten—a, S. ochracea, Smooth—e, S. syming¬ 

toniana, Smooth—f, S. talura, Shallow Fissured—e), the other 

seven have Surface Rotten, Manifestation—b or —c, and are indis¬ 

tinguishable in the forest. S. talura, incompletely studied, seems to 

differ completely from the other species which do have a few 

features in common. Surface Rotten bark is quite distinct from 

Laminate (Anisoptera), see key to the Bark Types, though the two 

have sometimes been confused. 

There are no bark features by which the group as a whole is 

recognisable in the forest, most species have variously developed 

simple laminae, though not always as conspicuous as the published 

descriptions suggest, throughout most of their life, hence the slash 

is pale yellowish. 

Even the six species with Surface Rotten—b bark are not easily 

told by surface appearance because this Manifestation has ex¬ 

tremely variable surface appearance. 

Meranti Pa’ang, then, is a heterogeneous group on bark. S. 

albida, tentatively divided into two botanical forms with different 

ecology and timber is not divisible and the species belongs to this 

group on bark despite its timber classification as a Red Meranti 

or Red Selangan (= Balau) (Browne, 1955, pp. 137, 151). 
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Fig. 6. Shorea, Meranti Damar Hitam group, bark sequence through life. 

Construction explained in appendix 2; key on Fig. 1. 

* S. multiflora: Dippled -a at 3 ft., Smooth -d at 4 ft. ‘E4’ is the 
code name at Kepong for an undescribed Malayan species, my 
reference collection is Whitmore 655 (at CGE). 
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Shorea, Meranti Daniar Hitam group 

Taxonomy 

This is a natural homogeneous group assembled by Symington 
(1938) from various Shorea and Balanocarpus species. He named 
it Richetia for convenience though it has not been validly pub¬ 
lished or given rank such as genus or section. 

Argument 

The Bark Type sequence is shown on Fig. 6. There is a general 
similarity, bark changing from Smooth (unique Manifestation—d) 
to Scaly (unique Manifestation—d) at about 3 ft. girth, with some 
variations. Dippled bark was seen on S. faguetiana at 9 ft. and 
S. multiflora at 3 ft. and 7 ft. girth. On the latter it was at girths 
intermediate to Scaly on the former well within the girth range 
of Scaly bark; nevertheless the structure indicates that it is prob¬ 
ably always intermediate to Scaly on a particular tree (Whitmore 
1962a, b). This Manifestation is shared with Vatica, from which 
there are only fine differences. 

S. gibbosa alone possesses a Shallow Fissured bark usually re¬ 

placed by Scaly on very large trees, the Manifestation, d (Fig. 6), 
is unique. 

Conclusions 

An unique bark, Scaly—d, is present on all these Meranti 

Damar Hitam species at some stage of their mature life and holds 

them together as a homogeneous botanical group. Smooth—d 

and Shallow Fissured—d barks are also unique and some of their 

features are shared with Scaly—d, this adds to the homogeneity. 

Smooth—d and Scaly—d are easily recognised in the forest and 

Dippled sometimes so. The Scaly species cannot be told from 

each other. S. gibbosa with Shallow Fissured—d is the only species 

recognisable from its bark. 

Shorea, Red Meranti group 

Taxonomy 

This is the most heterogeneous of Symington’s groups and can¬ 

not be identified with any single defined botanical group, never¬ 

theless there is ample justification for recognising it as natural. 

Symington recognised three subgroups in Malaya based on 

floral characters, these he noted are of taxonomic rather than 

practical value because the differences have not been correlated 

with differences in wood anatomy. He noted some bark differences 

and predicted that there might be other forest differences, a pre¬ 

diction which has been amply justified. 
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Fig. 7. Shorea, Red Meranti group, bark sequence through life. 

Construction explained in appendix 2; key on Fig. 1. 

*S. beccariana G. 9 ft., S. macroptera G. 12 ft., S. macrantha 
G. 4 ft.: these differ in periderm pattern, hence in surface and 
slash, and are thought to be abnormal because overmature or 
exposed trees; for full diagnosis and discussion see Whitmore 
(1960), pp. 246, 248-249, 266-7. *S. singkawang: at least some 
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trees change bark in the girth range 5-10 ft. to bark with a pale, 

dippled, rugose surface, not mentioned in published descriptions 

so perhaps atypical; see Whitmore (1960), pp. 264-5. *5. curtisii 

and S. smithiana: see text. 
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Argument 

The Bark Type sequence is shown on Fig. 7. The species ex¬ 

amined have been arranged in a number of subgroups each with 
a common sequence: 

1. The Kawang subgroup (left of figure) retains Smooth 

bark of the unique Manifestation Smooth—c throughout life 

or at least well into mature life. In this subgroup are S. bee- 

cariana, S. mecistopteryx, S. pinanga, S. waltoni, S. gysbert- 

siana, S. macroptera, S. sp. nov. SAR 5798. 

2. Tembaga subgroup (centre) has some species changing 

from Smooth to Shallow Fissured bark of the unique Mani¬ 

festation—a at about 2 ft. girth (S. parvifolia, S. dasyphylla, 

S. rubella, S. leprosula, S. argentifolia), and other species be¬ 

coming Scaly later (5. ovata, S. rubra). S. curtisii has a bark 

intermediate in structure between Shallow Fissured and Scaly 

at small girths, this is diagnosed in Whitmore (1960 p. 259). 

3. Nemesu subgroup (right) with Smooth bark changing 

to Scaly (unique Manifestation—a), without a fissured phase, 

at less than 1 ft. girth and persisting through life, old trees 

sometimes smooth with only scattered scales. The species are: 

S. pauciflora, S. kunstleri, S. singkawang, S. macrantha, S. 

leptoclados, S. platyclados, S. andulauensis. 

4. S. acuminata and S. quadrinervis form a small group 

remaining Smooth to about 3 ft. girth then passing through 

a short-lived Shallow Fissured phase which by 4 ft. girth 

develops into a unique Manifestation (Scaly—b) of Scaly 

bark which persists for the rest of life. 

5. S. smithiana has a bark of completely different cons¬ 

truction from any other dipterocarp examined1 which cannot 
be related to any of the seven Types. 

The full arguments for including the species in these groups are 

given in Whitmore (1960). 

Conclusions 

Red Meranti is a group heterogeneous in bark but the slash of 

all species has a general similarity. There are three main bark sub¬ 

groups and a fourth small subgroup within which the Bark Type 

sequence and Manifestations are the same and S. smithiana does 

not fit.  

*• Pseudocortex present; expansion tissue in wedges; sheet like rhytidome 
layers; sloughing apparently absent. Full diagnosis and illustrations Whit¬ 
more (1960 pp. 271-2). 

358 



Vol. XIX. (1962) 

Within each subgroup there are variations between individual 

species; this is the most variable group studied, 11 out of the 26 

examined can be distinguished from each other on gross bark mor¬ 

phology. In the forest the subgroups and distinctive species are re¬ 

cognised, the similar slash is insufficient for recognition of the 
whole group. 

The Malayan species examined show a close correspondence be¬ 

tween the bark subgroups and Symington’s floral subgroups. 

All  the species of his Pauciflora subgroup fit my Nemesu sub¬ 

group (mature trees Scaly) except S. acuminata which must be 

considered as a separate subgroup with the closely related Bornean 
S. quadrinervis. 

Most of the species of his Parvifolia subgroup fit my Tembaga 

subgroup (mature trees Shallow Fissured), the exceptions are S. 

macrantha and S. singkawang which on the available evidence I 

put in Nemesu and S. macroptera in Kawang. 

No species occur in Malaya of my Kawang bark subgroup ex¬ 

cept S. macroptera which is not typical of it. 

Thus although wood anatomy does not support Symington’s 

floristic subgroups bark characters do. We may predict that when 

the genus is revised the Red Merantis will  be formally divided 

along the lines suggested by Symington for the Malayan species 
and confirmed and extended here. 

I can comment as follows on a number of outstanding taxo¬ 

nomic problems of individual Red Meranti species. 

1. I suspect (Browne 1955, personal observation (Whit¬ 

more 1960), Comer observations) two taxa are confused 

under the name S. beccariana, one from Sarawak with Scaly 

bark with laminae on mature trees and one from Brunei and 

North Borneo Smooth on mature trees. The former, if it 

develops Scaly bark at small girth, belongs to my Nemesu 

bark subgroup, the latter is a Kawang species. 

2. Shorea parvifolia is a polymorphic species which 

Symington (1943) considered to have several, more or less 

distinct forms through its range. He tentatively defined three 

forms in Malaya which, however, I found difficult to distin¬ 

guish in the herbarium and 1 am unable to distinguish be¬ 

tween them on bark though confirm a known difference in 

the bark of the Selangor form. 

3. Symington (1943, footnote p. 85) notes that S. par¬ 

vifolia, S. dasyphylla and S. ovata are very closely related 

and liable to be confused where they grow together. They are 

however easily distinguished on bark. 
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4. S. rubra Wood Msc. known from sterile collections 
from Brunei has been suspected to be an extreme form of 
S. parvifolia, but it has different bark. It is included in my 
Tembaga bark subgroup because of this putative relationship 
(Whitmore 1960 p. 261). 

5. S. acuminata and S. quadrinervis have similar bark and 

are distinct from other species. 

The taxonomic relationships from their bark of the new Bor¬ 
nean species examined are:—Kawang subgroup: S. waltoni 
Ashton (Msc.), S. sp. now SAR 5798; Tembaga subgroup: S. ru¬ 
bella Ashton (Msc.), S. rubra Wood (Msc.); Nemesu subgroup: 
S. andulauensis Ashton (Msc.). 

VATICA  

Taxonomy 

Vatica Linn, is a clearly defined natural group of some 90 spe¬ 
cies, closely related to but distinct from Cotylelobium. There are 
striking differences between species in fruits and some taxonom¬ 
ists have been tempted to recognise several genera, but leaf, flower 
and wood anatomy are all similar and subdivision is not justified. 
Van Slooten (1927) in the most recent monograph recognises 
several subgenera but Symington (1943) reduces even these to 
artificial sections (cf Dipterocarpus). 

Argument 

The Bark Type sequence is shown on Fig. 8. A unique Mani¬ 
festation, Smooth—k is present on most species. Scaly bark oc¬ 
curs sometimes on big trees (more commonly than Symington, 
1943 suggests); my material was too poor to spot the Manifesta¬ 
tion (starred on Fig. 8). Dippled bark—a was seen once, differing 
in fine structure from Shorea Meranti Damar Hitam also bearing 
it. Scroll marks referred to in the published descriptions can deve¬ 
lop with either Scaly or Dippled bark. Symington describes the 
phelloderm as reddish or purplish, this was not seen. 

Conclusions 

The species are very similar and cannot be distinguished from 
each other on bark characters though in favourable conditions the 
genus can be recognised. The two ‘subgenera’ covered by the 
survey (Isauxis (Arn.) Brandis and Synaptea (Griff.) Brandis) are 
indistinguishable, what differences there are in Bark Type se¬ 
quence between species run across this division, reinforcing 

Symington’s suggestion that the ‘subgenera’ are no more than 
artificial sections. 
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Fig. 8. Vatica, bark sequence through life. 

Construction explained in appendix 2; key on Fig. 1. 

* V. cuspidata G. 5 ft., V. oblongifolia G. 4 ft. and 5 ft.: see text. 

361 



Gardens Bulletin, S. 

TABLE 1. Taxonomic occurrence of Bark Types and Manifestations on 
boles. 

SMOOTH BARK DIPPLED BARK 
SHALLOW FIS¬ 
SURED BARK 

DEEP FIS¬ 
SURED BARK 

a * a Shorea, Meranti 
Damar Hitam 
and Vatica 

a Shorea, Red 
Meranti 

a Hopea, Fis¬ 
sured 

b **  b Shorea, Red 
Meranti 

c Shorea, Red 
Meranti 

c Shorea, Red, 
Meranti 

d Shorea, Meianti 
Damar Hitam 

d Shorea, Meranti 
Damar Hitam 

e Shorea, Meranti 
Pa’ang 

e Shorea, Meranti 
Pa’ang 

f Shorea Meranti 
Pa’ang 

g Anisoptera 

h Dipterocarpus 

j Hopea, Smooth 
and Mata 
Kuching ' 

k Vatica 

SCALY BARK 
SURFACE 

ROTTEN BARK 
LAMINATE  

BARK 

a Shorea, Red 
Meranti 

a Shorea, Meianti 
Pa’ang 

a Anisoptera 

b Shorea, Red 
Meranti 

b Shorea, Meranti 
Pa’ang 

b Anisoptera 

c Shorea, Balau c Shorea, Meranti 
Pa’ang 

d Shorea, Meranti 
Damar Hitam 

e Dipterocarpus 

f Hopea, Scaly and 
Balanocarpus 

g Dryobalanops 

* seedlings and saplings, probably all species groups. 

** probably all species groups, mainly yourg plants. 
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CONCLUSIONS ON BARK TAXONOMY 

General 

Table 1 shows the occurrence on boles of the seven main Bark 

Types; it is seen that three (Deep Fissured, Surface Rotten, Lami¬ 

nate) are restricted to single species groups, a fourth, Shallow Fis¬ 

sured, to Shorea, and the other three are found in more than one 

species group but that with very few exceptions the Bark Mani¬ 
festations are restricted. 

Hence, as already noted, it is at the level of the Manifestations 

that most of the differences between species groups and species 

occur and so at this level that there are differences in bark useful 
for identifying trees. 

Only Manifestation Smooth—a. Smooth—b, Dippled—a Scaly 
—f occur in more than one species group. 

1 have discovered that the fine details of secondary phloem struc¬ 

ture (except Scaly Hopea, q.v.), and often the structure of the 

expansion tissue, phloem proliferation tissue and periderms also, 

are constant within a species group so that all the Manifestations 

of every species group are alike in these fine details. This applies 

to Dippled—a and Scaly—f and to some extent to Smooth—b 

barks too; these Manifestations occur in more than one species 
group but with microscopic differences. 

Smooth—a bark is found on all seedlings, saplings and small 

twigs, and has not been fully studied, Smooth—b bark is mainly 

restricted to small members. The tangential strains in these parts 

are highest (see Whitmore 1962b) and the resulting extensive ex¬ 

pansion tissue obscures the differences between species groups. 

Formal taxonomy 

The species have been studied in the most natural groups yet 

recognised, which are those proposed by Symington (1943) but 

not all validly published. This survey has shown differences in 
bark between the groups and similarities within them. The taxo¬ 

nomic groups and the bark groups are identical suggesting that 

these are indeed the natural groups of Dipterocarpaceae. I do not 

consider that the differences 1 have detected between groups are 

the result of inadequate sampling (between 2/5 and 1/10 of the 

species of the groups) but that 1 have sampled enough species for 

my conclusions to have this taxonomic application. The danger 

of arguing in a circle (from studying taxonomic groups, finding 

Manifestations are restricted to them, then arguing that these must 

therefore be the natural groups) is obviated by the caution exer¬ 

cised in creating Manifestations, any incompletely understood 

bark has been described as a Variant of a described Manifestation . 
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Within the species groups variation is at two levels, between 
taxonomic subgroups and between individual species, and is in 
the girth at which the bark changes and in the Manifestations or 
Variants present. The conclusions 1 draw have already been de¬ 
tailed with the notes on each species group. In summary I find 
that I agree on the whole with Symington’s conclusions on the 
taxonomic nature of the groups. I find bark differences accen¬ 
tuate the taxonomic divisions of Anisoptera and Shorea, and with¬ 
in Shorea, where I agree on the whole with his subdivisions of Red 
Meranti and extend them, and find the other divisions distinct 
though of varying homogeneity. I agree with him that Diptero- 
carpus and Vatica are unnaturally subdivided, that Balanocarpus 
should not be kept separate from Hopea and within Hopea itself 
I find his ‘tentative arbitrary field groups’ correlate better with 
bark characters than the taxonomic subdivisions. Dryobalanops 
I confirm is a homogeneous natural genus. The groups of Shorea 
and some of those of Hopea are as distinct as the other genera on 
their bark, but one needs to consider carefully the purpose of one’s 
taxonomy before creating new genera to accommodate these 
differences. 

Concerning individual species: 

1. Ten new undcscribed species have been examined and 
their relationships discovered from their bark (see Hopea and 
Shorea, Red Meranti, Meranti Damar Hitam and Balau). 

2. I can state, about known problems of taxonomy, that: 

(i) Dipterocarpus fagineus and D. pseudofagineus appear 
neither more nor less similar than other Diptero¬ 
carpus species, although they are taxonomically 
very close related. 

(ii) The closely related Shorea parvifolia, S. ovata and S. 
curtisii (Red Meranti) are clearly distinct. 

(iii)  Shorea rubra is distinct from the closely related S. 
parvifolia. 

(iv) Shorea albida is a White Meranti despite its timber 

classification as Red Meranti or Balau; the two 
tentative taxonomic forms are indistinguishable. 

3. Geographical Variation. 

(i) Infraspecific. 

(a) Two taxa of different distribution seem to be 
confused under the epithet Shorea becca- 
riana (Red Meranti). 

(b) Of the three putative Malayan forms of S. par¬ 
vifolia only one has slightly different bark 
from the others. 
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(c) There may be bark difference between Malayan 

and Bornean trees of Hopea beccaricma 

(Fissured Hopeas). 

(ii) Interspecific. It has been suggested (Richards, 1952, 

p. 58) that species restricted to tropical Rain forest 

often have thinner bark than species from drier 

forests. In this survey, however, no systematic dif¬ 

ferences have been noticed between dipterocarp 

species of Burma, Indochina, Thailand and extreme 

north-west Malaya—the Burmese floristic element 

—which occur in dry, deciduous, dipterocarp 

forests and fire climax Schima-bamboo forests 

(Symington 1943)1 and species of more easterly dis¬ 

tribution restricted to the lowland, everwet, ever¬ 

green, Rain forests of Malaya, Sumatra and Bor¬ 

neo. A few species occur in both these floristic 
divisions (e.g. Dipterocarpus kerrii). If there is a 

difference in bark between members of these floris¬ 

tic elements it is infraspecific or phenotypic and is 

not universal; there are bark differences between 

exposed and forest living trees of the same species 

already described above. 

These conclusions on the formal taxonomy of the species and 

species groups of Dipterocarpaceae will  have to be weighed with 

the other evidence when the family is revised, a task which, as 

in Symington’s day, still awaits the full collection and description 

of the Bornean dipterocarps. 

Forest Recognition 

Bark Types cannot be confused; they are quite different in 

details of bark surface pattern and slash and usually in impres¬ 

sion from a distance. Bark Manifestations are by definition distinct 

in the forest. Thus it follows from the occurrence of Bark Types 

and Manifestations (Table 1) that nearly all the species groups 

are distinct in the forest in the bark present on mature boles and 

sometimes from pole bark too. 

The exceptions are: 

Scaly—f, found on Balanocarpus and the Scaly Barked 

field group of Hopea, but these taxa should perhaps be 

lumped. 

1* These species are Sf\orea hypochra, S. sericeiflora, S. talura (Meranti 
Pa’ang), Dipterocarpus dyeri, and Hopea ferrea, H. helferi, and H. odorata 

(Scaly Barked Hopea). 
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Dippled bark: Shorea, Meranti Damar Hitam and Scaly 
Barked Hopea—but small trees only as this is a transient 
Manifestation. 

The homogeneous species groups have a distinctive bark ges¬ 

talt from which they can be recognised in the forest. In hetero¬ 

geneous groups the subgroups or the individual species are recog¬ 

nised separately. In this survey these gestalts have been analysed 

more completely than previously, in all out of the 103 species 

examined mature trees of 21 species can be recognised from bark 

alone and many of the others can be identified down to a small 

group of species (of recognised taxonomic status or not) within 

their group. Not many species have been added to the list which 

Symington (1943) and Wood (1957) distinguish but the descrip¬ 

tions are fuller; a few differences which do not seem to hold are 

contradicted. 

Clear differences are stated between the Scaly bark of Shorea 

Balau, Dipterocarpus, Scaly Hopea plus Balanocarpus and Dryo- 
balanops which have sometimes been confused in the forest 

(Symington, 1943); the reasons for the similarity of these Manifes¬ 

tations were analysed in Whitmore (1962a). 

New distinctions are made and old confusions are sorted out 

because of the critical descriptive scheme and glossary adopted 

(Whitmore 1960 part 3). The Dipterocarpaceae because of their 

paramount importance are better known in the forests of Malaya 

and Borneo than any other family, there are no works compar¬ 

able to Symington (1943) and Wood (1957) for any other family 

(except perhaps Henderson and Wyatt-Smith, 1956, on Calo- 

phyllum (Myrtaceae)) and it is therefore likely that the scheme 

and glossary developed for this survey would extend the value of 

bark for forest recognition very considerably were it applied to 

other families of trees. 
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APPENDIX 1 

Alphabetical list of species studied 

The groups of Shorea are indicated as R (Red Meranti), D (Meranti 
Damar Hitam), P (Meranti Pa’ang) and B (Balau). Numbers refer to my 
own series, the location of the herbarium specimens is given in the text. 

Anisoptera Korth. 

A. curtisii Dyer 

A. laevis Ridl. 

A. megistocarpa V.S1. 

A. oblonga Dyer 

A. scaphula (Roxb.) Pierre 

Balanocarpus Bedd. 

B. heimii King. 

Dipterocarpus Gaertn.f. 

D. appendiculatus Scheff. 

D. cornutus Dyer 

D. costulatus V.S1. 

D. crinitus Dyer 

D. dyerj Pierre 

D. fagineus Vesq. 

D. kerrii King 

D. pseudofagineus Foxw. 

D. rotundifolius Foxw. 

D. sublamellatus Foxw. 

D. verrucosus Foxw. ex V.S1. 

Dryobalanops Gaertn.f. 

D. aromatica Gaertn.f. 

D. lanceolata Burck 

D. oblongifolia Dyer 

D. rappa Becc. 

Hopea Roxb. 

H. beccariana Burck 

H. ferrea Lanessan 

H. griffithii  Kurz. 

H. helferi (Dyer) Brandis. 

H. latifolia Sym. 

H. mengarawan Miq. 

H. nervosa King 

H. nutans Ridl. 

H. odorata Roxb. 

H. sangal Korth. 

H. semicuneata Sym. 

H. sulcata Sym. 

H. vesquei Heim 

H. sp. nov. ‘A’.  

H. sp. nov. 324. 

Shorea Roxb. 

S. acuminata Dyer (R). 

S. albida Sym. (P). 

S. andulauensis Ashton (Msc.) (R.) 

S. argentifolia Wood (Msc.) (R). 

S. balanocarpoides Sym. (D). 

S. beccariana Burck (R). 

S. bentongensis Foxw. (P). 

S. blumutensis Foxw. (D). 

S. bracteolata Dyer (P). 

S. ciliata King (B). 

S. collina Ridl. (B). 

S. curtisii Dyer ex King (R). 

S. dasyphylla Foxw. (R). 

S. dealbata Foxw. (P). 

S. dolichocarpa V.S1. (D). 

S. sp. nov. ‘E4* (D). 

S.? elliptica Burck (B). 

S. faguetiana Heim. (D). 

S. foxworthyi Sym. (B). 

S. geniculata Sym. (B). 

S. gibbosa Brandis (D). 
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S. glauca King (B). 

S. guiso (Blanco) Bl. (B). 

S. gysbertsiana Burck (R). 

S. hopeifolia (Heim) Sym. (D). 

S. hypochra Hance (P). 

S. inappendiculata Burck (B). 

S. kunstleri King (R). 

S. laevifolia (Parijs) Endert (B). 

S. laevis Ridl (B). 

S. lamellata Foxw. (P). 

S. leprosula Miq. (R). 

S. leptoclados Sym. (R). 

S. lumutensis Sym. (B). 

S. macrantha Brandis (R). 

S. macroptera Dyer (R). 

S. materialis Ridl. (B). 

S. maxima (King) Sym. (D). 

S. maxwelliana King (B). 

S. meadiana Sym. (B). 

S. mecistopteryx Ridl. (R). 

S. multiflora (Burck) Sym. (D). 

S. ochracea Sym. (P). 

S. ochrophloia E. J. Strugnell (B). 
ex Sym. (R). 

S. ovalis (Korth) Bl. (R). 

S. ovata Dyer (R). 

S. parvifolia Dyer (R). 

S. pauciflora King (R). 

S. platycarpa Heim. (R). 

S. platyclados V.S1. ex Foxw. (R). 

S. pinanga Scheff. (R). 

S. quadrinervis V.S1. (R). 

S. resina-nigra Foxw. (D). 

S. resinosa Foxw. (P). 

S. rubella Ashton (Msc.) (R). 

S. rubra Wood (Msc.) (R). 

S. sericeiflora Fischer et Hutch. (P). 

S. singkawang (Miq.) Burck. (R). 

S. smithiana Sym. (R). 

S. symingtoniana Wood (Msc.) (P). 

S. talura Roxb. (P). 

S. waltoni Ashton (Msc.) (R). 

S. sp. nov. SAR 5798 (R). 

S. sp. nov. 555 (B). 

S. sp. nov. 569 (B). 

Vatica Linn. 

V. cinerea King. 

V. cuspidata (Ridl.) Sym. 

V. lowii King emend. Sym. 

V. maingayi Dyer 

V. nitens King 

V. oblongifolia Hk.f. 

V. wallichii Dyer 
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APPENDIX 2 

Note on construction of figures 1-8 showing relation between 
girth and Bark Type on the bole 

These figures show at a glance the Bark Type sequence on the bole 
throughout the life of the tree, the number of individuals sampled and 
their girths. There is a column for every species and these are arranged 
across the figure from left to right; increasing girth is down the page. 

The Bark Types present over the whole girth range are shown by differ¬ 
ent shadings, as far as they can be reasonably induced from the data. 

Every individual sampled is shown by a dot and its Bark Manifestation 
indicated where determined. Starred individuals are explained in the legends. 
No Manifestation is shown when an individual is heterogeneous, beyond 
the normal range of its Bark Type, or undetermined; the reader must refer 
to Whitmore (1960) for detailed discussion. 

The Bark Type sequence of a species and the Manifestation of an indi¬ 
vidual are discussed more fully in Whitmore (1960) where necessary; it is 
not possible to reproduce these details here. 

The Bark Type sequence has been induced from the published general¬ 
ised descriptions and my own observations. These two sources are comple¬ 
mentary; in most cases they indicate identical bark at every girth. In some 
cases accurate personal observations make it possible to define an otherwise 
vague published description. In the absence of personal observations I can¬ 
not always interpret the published descriptions with certainty as the terms 
used are not defined. 

The following rules have been followed in inducing the Bark Type 
sequence throughout life:— 

1. There are often considerable differences from one individual to 
another in the girth at which the Bark Type changes; this accounts for 
the occasional discrepancies between the generalised description of the 
species and the description of an individual tree. On the figures the 
bark is shown to change Type at a median girth between the extremes 
observed; where the range is considerable an intermediate zone is 
shown. 

2. It is unlikely that Scaly, Surface Rotten and Laminate barks are 
succeeded on very big trees by any others and, although the published 
generalised description may not describe the bark of very big trees and 
no personal observations were made, they are extrapolated to the 
maximum usual girth of the species. It is possible and likely, however, 
that the Bark Manifestation changes, first on the butt, later spreading 
up the bole as the tree ages. Other Bark Types are extrapolated up¬ 
wards an arbitrary 1 ft. above the largest individual observed (see 4. 
below), unless the published generalised description is sufficiently pre¬ 
cise to warrant greater extrapolation. 

3. The Bark Type of poles (individuals below about 3$ ft. girth) 
can only be induced from my own observations as the published gene¬ 
ralised descriptions are restricted to mature trees. In many cases no 
observations were made, but the bark is likely to remain Smooth to 
at least 1 ft. girth and is so shown on the figures. The girth at which 
Smooth bark is replaced is usually somewhere in the girth range of 
large poles (girth range 1 ft.-3i ft. for emergent species). No Bark 
Type is shown for large poles or small trees unless individuals were 
seen. 
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4. I have extrapolated the Bark Type of the smallest tree examined 
downwards an arbitrary 1 ft. in girth, where the Bark Type on small 
individuals is in doubt. This allows for an error in estimation of the 
girth (not likely to be greater than + 9 ins.) and for the variation 
expected between individuals (see above). 

5. No Bark Type precedes Smooth so no downward limit is fixed 
for the extrapolation from the smallest Smooth barked tree seen. 

6. The maximum usual girth, calculated from the published data, 
is shown on the figures where possible, by an horizontal line (this is 
considerably less than the maximum recorded girth); the bark present 
above this girth is only shown for species where individuals were seen. 
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